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THE CATALOGUE OF REFLECTION NEBULAE 

D .A. Rozhkovskiy and A. V. Kurchakov 

ABSTRACT. The Catalogue inc ludes  118 r e f l e c t i n g  nebulae, 
f o r  which va lues  of t h e  f l u x  and dimensions a r e  determined. 
The d s t a  about * i l l u m i n a t i n g  s t a r s  i nc lude  t h e  s t a r  magnitudes 
and s p e c t r a l  c l a s s e s .  On t h e  b a s i s  of t h e  obse rva t iona l  mater- 
i a l  some c o r r e l a t i o n s ,  such a s  c o r r e l a t i o n  between t h e  b r igh tnes s  
of t h e  i l l u m i n a t i n g  s t a r  m and the  f l u x  from t h e  nebula H 

T ' c o r r e l a t i o n  between H a r e o s o p t h e  nebulae,  were i n v e s t i g a t e d .  
T 

A d i scuss ion  o f o b s e r v e d c o r r e l a t i o n s  was made. It i s  
shown t h a t  f o r  a l l  t h e  t o t a l i t y  of o b j e c t s  they  can approxi- 
mace t h e  s p h e r i c a l  nebulae.  Assuming t h a t  t h e  middle s i z e  
of a cloud is  R = 1.5  pc ,  we g e t  p r o  = 0.36 f o r  t h e  cloud 

0  
and p~ = 0.18 f o r  t h e  nebula ,  t h e  albedo of t h e  p a r t i c l e s  i s  
r! > 0.5. - 

I n  t h e  anno ta t ions  t o  t h e  Catalogue t h e  s t r u c t u r e  of 
nebulae  and t h e i r  connect ion wi th  surrounding s t a r s  a r e  con- 
s ide red .  It i s  noted t h a t  a  g r e a t  d e a l  of r e f l e c t i n g  nebulae 
a r e  connected wi th  dark  clouds.  Apparently some p a r t  of t h e s e  
nebu lae  a r e  n o t  a c c i d e n t a l l y  connected wi th  s t a r  c l u s t e r s ,  T  
Taur i  s t a r s ,  f l a s h  s t a r s .  A row of d i s t r i b u t i o n s  i n  dependence 

. % on b r i g h t n e s s  of t h e  nebula ,  s p e c t r a l  c l a s s e s  of i l l umina t ing  
s t a r s ,  t h e i r  d i s t r i b u t i o n  on t h e  Galaxy l o n g i t u d e  and l a t i t u d e  
i s  i n v e s t i g a t e d .  It i s  noted t h a t  t h e  ma jo r i t y  of nebulae 
a r e  t h e  members of groups o r  a s s o c i a t i o n s  of s t rom from group- 
i n g s  o r  complexes. (A69-39722) 

A ca ta logue  of r e f l e c t i o n  nebulae was compiled on t h e  b a s i s  of m a t e r i a l  ac- *& 
q u i r e d  i n  1963-1966 wi th  t h e  500-millimeter (F = 1,200 mm) Maksutov-system 

meniscus t e l e scope  (on Ast ro  S p e c i a l  p l a t e s ) .  Other  ca ta logues  [ I ,  21 and t h e  

c h a r t s  of t h e  Palomar At l a s  were used t o  i d e n t i f y  t h e  nebulae with previous ly  

* 
Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  fo re ign  t e x t ,  



lcnown o b j e c t s .  This  i n s p e c t i o n  r e s u l t e d  i n  s e l e c t i o n  of 120 nebulae. i%st of  

them, t o  judge from t h e  Palomar At l a s  c h a r t s ;  have t h e  type  C s p e c t r a  of r e f l e c -  

t i o n  nebulae.  With r a r e  except ions ,  however, t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of 

t h e  nebulae a r e  unknown t o  u s .  For t h i s  reason ,  we c l a s s  o b j e c t s  t h a t  a r e  d i s -  

t i n c t l y  v i s i b l e  on photographs taken i n  b l u e  l i g h t ,  b u t  a r e  i n v i s i b l e  o r  very 

f a i n t  i n  r ed  l i g h t ,  a s  t ype  C nebulae. Some of t h e  nebulae wi th  C + E s p e c t r a  

have a l s o  been inc luded  i n  t h e  l i s t  f o r  obse rva t ions  -namely, those  which, des- 

p i t e  t h e  f a c t  t h a t  they  a r e  d i s t i n c t l y  v i s i b l e  i n  r ed  l i g h t ,  a r e  b r i g h t e r  i n  

b l u e  l i g h t  o r  have l a r g e r  photographic dimensions. 

Observa t iona l  Method and Instruments  

One of t h e  b a s i c  obse rva t iona l  c h a r a c t e r i s t i c s  of r e f l e c t i o n  nebulae i s  a  

q u a n t i t y  t h a t  c h a r a c t e r i z e s  t h e  r a t i o  of t h e  t o t a l  f l u x  from t h e  nebula o r  t h e  

b r i g h t n e s s  a t  a  given po in t  on t h e  nebula t o  t h e  f l u x  from t h e  s t a r  i l l umina t -  

i n g  t h e  nebula.  We s h a l l  hencefor th  r e f e r  t o  t h e  s t a r  r e spons ib l e  f o r  t h e  lumi- 

n o s i t y  of t h e  nebula  a s  t h e  nucleus.  Ex t r a foca l  photographs of t h e  nucleus a r e  

u sed 've ry  f r equen t ly  i n  observa t ions  of nebulae t o  s t a n d a r d i z e  s u r f a c e  b r igh t -  

n e s s  o r  f l u x .  However, t h i s  method has  a  number of shortcomings, e s p e c i a l l y  

when many photographs must be processed.  To avoid t h e  a d d i t i o n a l  work needed 

t o  determine t h e  t ransparency  c o e f f i c i e n t ,  i t  i s  necessary  t o  observe t h e  same 

o b j e c t  tw ice  a t  t h e  same z e n i t h  d i s t ance .  This  r e s u l t s  i n  h ighly  i n e f f i c i e n t  

use  of t ime. When t h e  n u c l e i  a r e  f a i n t ,  i t  is  necessary  t o  throw t h e  image 

s l i g h t l y  o u t  of focus s o  t h a t  i t  can b e  photometered. Photometry of s l i g h t l y  

out-of-focus s t a r  images i s  burdened by l a r g e  e r r o r s .  It i s  necessary t o  lmow 

t h e  magnitudes of t h e  n u c l e i  i n  o rde r  t o  b r i n g  ou t  t h e  va r ious  types  of, s t a t i s -  

t i c a l  r e l a t i o n s h i p s ,  and t h i s ,  i n  t u r n ,  r e q u i r e s  y e t  another  s e t  of observa- 

t i o n s .  For t hese  reasons ,  t h e  obse rva t iona l  program was broken down i n t o  two 

p a r t s :  observa t ion  of t h e  nebulae  and obse rva t ion  of t h e  n u c l e i .  /4 

Standa rd iza t ion  and c a l i b r a t i o n  

S t a r  c l u s t e r s  w i th  known magnitudes i n  t h e  UBV system were s e l e c t e d  f o r  

t h e  a c q u i s i t i o n  of s t anda rd ized  photographic images. The s imples t  way t o  



s t a n d a r d i z e  a r e a l  o b j e c t s  is  t o  u s e  e x t r a f o c a l  s t a r  photographs. As  has  been 

shown by D.A.  Rozhkovskiy [ 3 ] ,  t h e  b e s t  r e s u l t s  can be  obta ined  i f  t h e  en t r ance  

a p e r t u r e  of t h e  t e l e scope  i s  stopped down t o  1:10 when t h e  e x t r a f o c a l  s t a r  

images a r e  photographed. The r e s u l t i n g  e x t r a f o c a l  images a r e  q u i t e  homogeneous. 

The s top  t h a t  we use i s  a b l a c k  d i s k  wi th  fou r  h o l e s  120 mm i n  diameter .  The 

s t o p  was nounted d i r e c t l y  i n  f r o n t  of t h e  t e l e s c o p e ' s  meniscus l e n s .  For most 

nebulae ,  t h e  s t a n d a r d i z a t i o n  photographs were obta ined  wi th  e x t r a f o c a l  s t a r  

images 0.3 - 0.4 mm i n  diameter .  The nega t ives  were c a l i b r a t e d  wi th  a t u b u l a r  

photometer i l l umina ted  by t h e  n i g h t  sky. I n  view of t h e  cons iderable  g rada t ion  

of i l l u m i n a t i o n  from h o l e  t o  ho le ,  a s e r i e s  of impressions wi th  s l i g h t l y  d i f f e r -  

i n g  exposure t imes was made. 

The n u c l e i  of t h e  nebulae  were photographed i n  focus.  The n u c l e i  were 

s t anda rd ized  and c a l i b r a t e d  a g a i n s t  t h e  f o c a l  photographs of t h e  c l u s t e r s .  To 

avoid  extremely s h o r t  exposures  i n  photographing t h e  n u c l e i  and t h e  s t anda rd  

a r e a ,  t h e  t e l e scope  was s topped down t o  1:10. This  improved t h e  q u a l i t y  of t h e  

in-focus s t a r  images wi thout  a f f e c t i n g  t h e  co lo r  c h a r a c t e r i s t i c  of t h e  s t a r -  

magnitude system. 

Observa t iona l  Ma te r i a l  

The b a s i c  obse rva t iona l  m a t e r i a l  was acqui red  i n  1963-1966. The exposure 

t ime l i m i t  f o r  photographyof t h e  nebulae depended on t h e  skyglow and amounted 

t o  1 4  minutes;  t h a t  f o r  t h e  n u c l e i  was t h r e e  minutes.  

The nebulae and n u c l e i w e r e  photographed a t  t h e  same a l t i t u d e  a s  t h e  s tand-  

a r d  corresponding t o  them. One o r  two nega t ives  and no fewer than  two photo- 

graphs f o r  de te rmina t ion  of nuc leus  magnitude were ob ta ined  f o r  each nebula.  

Photometr ic  Process ing  of Observat ional  Ma te r i a l s  

The nega t ives  were processed on an MF-4 microphotometer. The o b j e c t  of 

p roces s ing  was t o  determine t h e  i n t e g r a l  b r igh tnes s  of t h e  nebulae and nuc le i .  

Using t h e  r e s u l t s  from measurement of t h e  f l a s h e s  from t h e  t u b u l a r  photometer,  



we p l o t  curves f o r  each s e r i e s  of impressions wi th  magnitude and blackening 

(dens i ty )  a s  coordinaces.  The curves a r e  then  p a r a l l e l - s h i f t e d  along t h e  s t e l l a r  

magnitude a x i s  t o  o b t a i n  t h e  b e s t  congruence of t h e  curves of a l l  s e r i e s ,  and t h e  

f i n a l  c a l i b r a t i o n  curve i s  drawn. This  curve i s  then  used t o  determine 

E + Eb f Eau i n  r e l a t i v e  u n i t s ;  i . e . ,  t h e  i l l u m i n a t i o n  E produced on t h e  p l a t e  
n n 

by t h e  nebula  weighted by t h e  skyglow E and t h e  i l l u m i n a t i o n  E from t h e  
b au  /5 

au reo le .  S ince  we have d a t a  on t h e  blackening due t o  t h e  skyglow, we f i n d  Eb 

from t h e  same c a l i b r a t i o n  curve.  The i l l u m i n a t i o n  E a r i s e s  owing t o  s c a t t e r -  
au  

i n g  of s t a r l i g h t  i n  t h e  photographic emulsion. The problem of c o r r e c t i n g  f o r  

t h e  a u r e o l e  is  examined i n  d e t a i l  i n  [ 4 ] .  Here we s h a l l  dwell  only b r i e f l y  on 

t h i s  problem. A s e r i e s  of a u x i l i a r y  stars s l i g h t l y  b r i g h t e r  and f a i n t e r  than 

t h e  nuc leus  i s  s e l e c t e d  on t h e  f o c a l  photographs of t h e  nebula o u t s i d e  t h e  

l a t t e r ' s  l i m i t s .  The photographic d e n s i t y  of t h e  a u r e o l e  around each s t a r  i s  

measured a t  va r ious  d i s t a n c e s  r from t h e  s t a r .  Next E (r) i s  determined. Then 
au 

t h e  b r i g h t n e s s e s  E* of t h e  nucleus and a u x i l i a r y  s t a r s  a r e  determined from ex- 

t r a f o c a l  o r  short-exposure f o c a l  photographs. A s u f f i c i e n t l y  complete s e t  of 

EaU(r) = f(E,) curves i s  obta ined  i n  t h i s  manner. From i t ,  t h e  s i m i l a r  curve 
4. 

f o r  t h e  nuc leus  is  ob ta ined  by i n t e r p o l a t i o n .  Correc t ion  f o r  t h e  a u r e o l e  repre- 

s e n t s  no d i f f i c u l t y  a f t e r  t hese  ope ra t ions  have been completed. 

Without dwell ing on t h e  va r ious  da ta - reduct ion  d e t a i l s ,  we f e e l  t h a t  i t  i s  

necessary  t o  i l l u m i n a t e  c e r t a i n  problems of photometry technique.  To o b t a i n  t h e  

i n t e g r , a l  b r i g h t n e s s  of t h e  nebula ,  i t  i s  necessary  t o  measure i t  a t  many p o i n t s  

and r e f e r  t o  t h e  c a l i b r a t i o n  curve t o  conver t  each dens i ty  va lue  obta ined  i n t o  

an i l l u m i n a t i o n .  Th i s  procedure r e q u i r e s  a  g r e a t  d e a l  of t i m e .  I n  c e r t a i n  

c a s e s ,  t h e  process  of reducing t h e  obse rva t ions  can be a c c e l e r a t e d  s u b s t a n t i a l l y  

by use  of i n s t rumen ta l  acces so r i e s .  I n  photometry of s p h e r i c a l l y  symmetrical 

nebulae ,  i t  i s  convenient t o  impart a  p r e c i s e  r o t a t i o n a l  motion t o  t h e  photo- 

g raph ic  p l a t e .  An a p p r o p r i a t e  t u r n t a b l e  was mounted on t h e  s t a g e  of t he  MF-4 

microphotometer a t  t h e  p o s i t i o n  usua l ly  occupied by t h e  nega t ive  t o  be photo- 

metered. A round dislc wi th  a  c e n t r a l  a p e r t u r e  was r i g i d l y  secured  t o  t h e  inne r  

r a c e  of a  b a l l  bear ing  between microscope o b j e c t i v e s  and can e i t h e r  be  tu rned  a t  

high speed t o  o b t a i n  t h e  average b r i g h t n e s s  d i s t r i b u t i o n  along t h e  d i s k  of  t h e  

nebula o r  indexed through 1 /60  of a r evo lu t ion .  We turned  t h e  d i s k  r a p i d l y  t o  



determine t h e  i n t e g r a l  b r i g h t n e s s e s  of s p h e r i c a l  nebulae. The i n t e g r a l  f l u x  

can be  found e a s i l y  from simple formulas once t h e  average b r i g h t n e s s  d i s t r i b u -  

t i o n  along t h e  d i s k  has been secured .  

A " ~ l o l c s "  s c a l e r  was used t o  determine t h e  i n t e g r a l  b r i g h t n e s s e s  of l a r g e  

nebulae wi th  i r r e g u l a r  shapes. 

Let us  examine t h e  c a l i b r a t i o n  curve i n  dens i ty - i l l umina t ion  coord ina tes  

(F igure  1 ) .  Let  us  s e t  Eb, which corresponds t o  t h e  background dens i ty  due t o  

t h e  skyglow, equal  t o  un i ty .  We then  f i n d  E  which corresponds t o  t h e  maximum 
m y  

dens i ty  of t h e  nega t ives  photometered. I n  t h e  i n t e r v a l  [E E 1, we d i v i d e  t h e  
b '  m 

E-axis i n t o  11 equal  p a r t s ,  t hus  breaking  up t h e  D-axis i n t o  n  unequal p a r t s .  

We p l a c e  a r i g i d  b l ack  s t r i p  S on t h e  D-axis and p r i c k  smal l  h o l e s  i n t o  t h e  s t r i p  

a t  t h e  p o i n t s  where t h e  o r d i n a t e s  c r o s s  t h e  D-axis. We s e e  from Figure  1 t h a t  i f  

we count from D a  c e r t a i n  number of h o l e s  i w i l l  correspond t o  a dens i ty  D . .  
b ' 1 

The i l l u m i n a t i o n  E  now f r e e  of skyglow, i s  c a l c u l a t e d  from t h e  s imple fo rmula ,  
i ' 

Ei 
= ( i  - 1 )  AE. 

Fu r the r ,  l e t  t h e  d e n s i t y  D .  b e  cha rac t e r i zed  by t h e  d e f l e c t i o n  ang le  a of 
1 

a  galvanometer m i r r o r  o r  by t h e  d e f l e c t i o n  of t h e  beam on t h e  sc reen  of an  os- 

c i l l o g r a p h .  We p l a c e  t h e  b lack  s t r i p  between t h e  observer  and t h e  galvanometer /6 
m i r r o r  i n  such a  way, t h a t  t h e  l i g h t  s p o t  from t h e  m i r r o r  w i l l  s t r i k e  t h e  f i r s t  

ho l e  a t  d e n s i t y  D I f  we then  begin t o  measure t h e  d e n s i t y  D t h e  galvanometer 
b ' i ' 

m i r r o r  w i l l  t u r n  through an a n g l e  a. A s  i t  t u r n s ,  t h e  f l y i n g  spo t  w i l l  move down 

t h e  blaclz s t r i p ,  from t ime t o  t ime f a l l i n g  onto  t h e  ho le s .  The observer  w i l l  s e e  

a  s e r i e s  of f l a s h e s .  t h e  number of t h e s e  f l a s h e s  determines t h e  unknown E. by 
1 

t h e  f o r m u l a  

E .  = ( i  = 1 )  AE. 
1 

Under r e a l  cond i t i ons ,  a  pho tomul t ip l i e r  occupies  t h e  p o s i t i o n  of t h e  ob- 

s e r v e r ,  and a  pulse  a t  i t s  output  w i l l  correspond t o  each f l a s h .  Any pu l se  

coun te r ,  f o r  example, t h e  "Flolcs", can b e  connected t o  count t h e  pu l se s .  The 

"Ploks" has  another  advantage i n  t h a t  i t  can add pulses .  This  means t h a t  t h e  



I 

o o o  o 0. o 6 o a b I 
F igure  1 

v a l u e  of t h e  f l u x  appears  on t h e  

d i s p l a y  of t h e  "Floks" counter  

when photometry has  been complet- 

ed. The system descr ibed  above 

has  a  number of des ign  shortcomings. 

So t h a t  t h e  pho tomul t ip l i e r  w i l l  b e  

a b l e  t o  "see" a l l  of t h e  h o l e s ,  it; 

must b e  mounted a t  a cons ide rab le  

d i s t a n c e  from them. The f l a s h e s  

may then  n o t  be b r i g h t  enough t o  

r e g i s t e r .  I n  p r i n c i p l e ,  such a 

scheme should work q u i t e  r e l i a b l y  

wi th  a  s e n s i t i v e p h o t o m u l t i p l i e r  and 

an ampl i f i e r .  

We u s e  a  d i f f e r e n t  design i n  which t h e  l i g h t  source  is  s t a t i o n a r y  and t h e  

s t r i p  S moves i n  f r o n t  of i t .  An EPP-09 poten t iometer  i s  used f o r  t h i s  purpose. 

The punched s t r i p  i s  mounted on t h e  po ten t iome te r ' s  moving c a r r i e r .  A lamp i s  

mounted i n  a  s t a t i o n a r y  p o s i t i o n  i n s i d e  t h e  c a s e  of t h e  poten t iometer ,  and t h e  

pho tomul t ip l i e r  on t h e  o u t s i d e .  Obviously, photometry must c o n s i s t  i n  reading  

t h e  background be fo re  each measurement at a  given p o i n t  on t h e  nega t ive .  This  

procedure i s  awkward i n  p r a c t i c e ,  s i n c e  it r e q u i r e s  s h i f t i n g  t h e  nega t ive  back 

and f o r t h  on t h e  photometer between t h e  background and t h e  p o i n t  being photo- 

metered f o r  each measurement. Photometry i s  g r e a t l y  s i m p l i f i e d  by t ak ing  a  /7 
dark  reading ,  i . e . ,  simply c los ing  t h e  microphotometer s h u t t e r ,  f o r  each dens- 

i t y  measurement. Then t h e  e n t i r e  working procedure w i l l  be  a s  fo l lows:  

(1) Using t h e  EPP-09 a s  a  record ing  ins t rument ,  we measure t h e  f l a s h  

from t h e  t u b u l a r  photometer. 

(2) We measure t h e  background and t h e  h ighes t  d e n s i t y  on t h e  negat ive .  

Here we o b t a i n  c e r t a i n  readings  1 and lm, expressed i n  m i l l i m e t e r s ,  
0 

on t h e  poten t iometer  s c a l e .  



(3) Ne cons t ruc t  a c a l i b r a t i o n  curve  i n  E, D-axes, s e t t i n g  Eb = 1 

(Figure 1 ) .  

( 4 )  We apply t h e  r i g i d  opaque s t r i p  t o  t h e  D-axis. 

(5) We d i v i d e  t h e  E-axis i n t o  n equal  p a r t s  on t h e  i n t e r v a l  [E E 1. 
0' m 

The number n depends on t h e  number of ho le s  t h a t  can be pr icked  i n  

t h e  s t r i p ,  wi th  t h e  cond i t i on  t h a t  t h e  l i g h t  source  i l l u m i n a t e  no 

more than  one ho le  a t  a t ime.  I n  our  measurements, n was 20. 

( 6 )  We s e t  t h e  EPP-09 poten t iometer  c a r r i e r  t o  p o s i t i o n  1 which cor re-  m ' 
sponds t o  t h e  maximum-density reading.  We then  s e c u r e  s c a l e  S t o  t h e  , 

c a r r i e r  t o  t h e  l e f t  of t h e  l i g h t  source  i n  such a way t h a t  t h e  h o l e  

corresponding t o  D w i l l  b e  oppos i t e  t h e  lamp. 
b 

A f t e r  a l l  of t h e s e  ope ra t ions ,  we can proceed t o  t h e  a c t u a l  photometery. . 

The i l l u m i n a t i o n  E is  computed by t h e  formula E = n (n - i )  AE. The number i 
i i 

i s  r e g i s t e r e d  wi th  t h e  "Floks", and n i s  given f o r  a given c a l i b r a t i o n  and 

equa l s  t h e  number of h o l e s  i n  t h e  s t r i p .  The formula f o r  de te rmina t ion  of t h e  

nebula  ' s i n t e g r a l  b r i g h t n e s s  i s  e a s i l y  der ived:  

H,=ASZ (n - i) AE=ASNnAE - ASAEZi,  (1) 

where N i s  t h e  number of p o i n t s  measured, C .  i s  pu t  o u t  on t h e  "Floks" d i s p l a y  
1 

a s  t h e  r e s u l t  of a l l  measurements, and AS i s  t h e  u n i t  a r e a  de f ined  by t h e  u n i t  

s h i f t  of t h e  nega t ive  dur ing  photometry. 

Accuracy of R e s u l t s  

Nonconformity of ou r  co lo r  system of magnitudes t o  t h e  B-system may b e  a 

prime source  of e r r o r .  I n  F igure  2, magnitudes i n  t h e  B-system a r e  p l o t t e d  

a g a i n s t  t h e  a x i s  of a b s c i s s a s ,  and t h e  magnitudes t h a t  we determined f o r  t h e  

same s t a r s  from e x t r a f o c a l  s t a r  images a r e  p l o t t e d  a s  o r d i n a t e s ,  Figure 2 i nd i -  

cates %hat our  system of magnitudes i s  i n  good agreement w i th  t h e  B-system from 

7 



5m t o  12m. The mean-square e r r o r  ok i n  de- 

te rmina t ion  of s t e l l a r  magnitude from a s i n g l e  
m 

s t a r  image i s  t O  .13. S ince  t h e  b r igh tnes ses  of 

t h e  nebulae  were found from an average of f i v e  , 

stars, t h e  e r r o r  i n  de te rmina t ion  of t h e  nebu la r  

magnitudes i s  o = om.07. Considering t h e  o t h e r  
n 

p o s s i b l e  e r r o r  sou rces ,  we can w r i t e  0 % o m . l O .  
n % 

Figure  2 Explanatory Notes t o  t h e  Catalogue /8 

The ca ta logue  con ta ins  photometr ic ,  morpho- 

l o g i c a l ,  and c e r t a i n  o t h e r  d a t a  f o r  118 o b j e c t s .  The overwhelming m a j o r i t y  of 

t h e s e  o b j e c t s  a r e  " typ ica l "  r e f l e c t i ~ n ~ n e b u l a e  i n  whose emission t h e  H l i n e s  
ct 

a r e  e i t h e r  a l t o g e t h e r  absent  o r  much f a i n t e r  t han  t h e  emission i n  t h e  photo- 

g r a p h $ ~  r eg ion  of t h e  spectrum. A c e r t a i n  number of t h e  nebulae have t h e  char- 

a c t e r i s t i c  C -I- E spectrum, i . e . ,  they a r e  equa l ly  v i s i b l e  on photographs taken  

i n  photographic and H l i g h t .  For t h e  most p a r t ,  t h e s e  a r e  p e c u l i a r  o b j e c t s  
a 

whose s t r u c t u r e  may d i f f e r  s u b s t a n t i a l l y  i n  "red" and "blue" photographs, which 

o f t e n  have extremely h igh  i n t e g r a l  b r igh tnes ses ,  e t c .  S u c h o b j e c t s m e r i t  more 

thorough i n v e s t i g a t i o n .  The corresponding sou rces  a r e  i n d i c a t e d  i n  t h e  remarks. 

The ca ta logue  does n o t  i n c l u d e  very  f a i n t  1arg.eiarea nebulae  a s s o c i a t e d  wi th  

b r i g h t  s t a r s  a t  appa ren t ly  s h o r t  d i s t a n c e s  from us .  Without s p e c i a l  observa- 

t i o n s ,  e .g . ,  po lar imet ry ,  i t  i s  imposs i lbe  t o  g i v e  a d e f i n i t e  i n d i c a t i o n  a s  t o  

t h e  corresponding n u c l e i .  De ta i l ed  d a t a  on t h e  nebulae  i n  t h e  P le i ades ,  which 

form a r a t h e r  i n t r i c a t e  complex of p o s s i b l y  i n t e r r e l a t e d  o b j e c t s ,  have a l s o  been 

omi t ted  from t h e  ca ta logue .  

On t h e  whole, t h e  ca ta logue  inc ludes  p r a c t i c a l l y  a l l  nebulae wi th  6 > -25O, 

diameters  of a t  l e a s t  0 1 . 3  - 01 .5 ,  and n u c l e i  no f a i n t e r  than t h e  1 5 t h  photo- 

graphic  magnitude, i . e . ,  a l l  o b j e c t s  a c c e s s i b l e  . to t h e  500-millimeter Maksutov , 
meniscus t e l e scope .  



A s  compared wi th  Cederb ladqs  summary [ l ] ,  t h e  ca ta logue  conta ins  more t h a n  

30 new o b j e c t s  [ S ]  bu t  i t  excludes t h e  emission nebulae  i d e n t i f i e d  by Cederblad 

a s  r e f l e c t i o n  nebulae o r  nebulae of t h e  mixed C C E type .  

A l l  d a t a  on t h e  nebulae and t h e  s t a r s  t h a t  e x c i t e  them a r e  t a b u l a t e d  i n  t h e  

ca ta logue  i n  t h e  fo l lowing  scheme. 

Colunln 2. The des igna t ion  of t h e  nebula,  w i th  t h e  convent ional  NGC o r  I C  

numeration o r  numeration according t o  Cederblad 's  catalogue.  

Column 3 .  The HD o r  BD number of t h e  e x c i t i n g  star o r  nucleus.  

Columns 4-7. The coord ina t e s  of t h e  nucleus i f  known; o therwise  t h e  coor- 

d i n a t e s  of t h e  nebula.  The r e l a t i o n s h i p s  l1 = 111 - 3 3 O  and bl =, bll are 

adequate  f o r  rough conversions t o  t h e  o l d  g a l a c t i c  coord ina tes .  

Columns 8-9. The s p e c t r a l  c l a s s  and magnitude of t h e  nucleus on a  s c a l e  

c l o s e l y  s i m i l a r  t o  t h e  Johnson-Morgan B-magnitudes. 

Column 10 .  The i n t e g r a l ' b r i g h t n e s s  of t h e  nebu la  expressed i n  s t e l l a r  mag- 

n i t u d e s .  Sometimes t h e  average s u r f a c e  b r i g h t n e s s  v is c i t e d .  

Column 11. The average b r i g h t n e s s  of t h e  n i g h t  sky (background), expressed 

i n  s t e l l a r  magnitudes from one square  minute,  a t  which t h e  o b j e c t  under 

s tudy was photographed. 

Colum~ 12. The f i g u r e s  given h e r e  determine t h e  s i z e  of t h e  a r e a  f o r  which 

t h e  i n t e g r a l  b r i g h t n e s s  m was found, i n  minutes of a r c .  
n  

Columns 13-14. The maximum angular  d i s t a n c e  a t  which t h e  nebula is s t i l l  

v i s i b l e .  For s p h e r i c a l  nebulae,  t h e  maximum angular  d i s t a n c e  is t h e  same 

a s  t h e  r ad ius  wikhin which t h e  nebu la ' s  i n t e g r a l  b r i g h t n e s s  was found. 



Column 15. The i n t e g r a l  b r i g h t n e s s  of t h e  nebula,  expressed i n  u n i t s  of 

b r igh tnes s  of t h e  nuc leus .  

Column 16 .  Dis tances  t o  t h e  nebulae ,  taken f o r  t h e  most p a r t  from Ceder- 

b l a d ' s  ca ta logue .  

Column 1 7 .  C e r t a i n  a d d i t i o n a l  d a t a  on t h e  i n d i v i d u a l  o b j e c t s .  For exam- /9 
p l e ,  t h e r e  a r e  r e f e rences  t o  apparent  shape: S i n d i c a t e s  a s p h e r i c a l  

shape ( a  nebula w i t h  a more o r  l e s s  symmetrical decrease  i n  b r i g h t n e s s  

from t h e  nuc leus  toward t h e  pe r iphe ry ) ;  K i n d i c a t e s  a comet-like o b j e c t  

( t h e  shapes of such o b j e c t s  may vary  widely; I i s  an i r r e g u l a r  nebula r 
t h a t  admits of d e s c r i p t i o n  wi th  d i f f i c u l t y ;  E i n d i c a t e s  nebulae t h a t  

X 

a r e  ou t s ide  of t h e i r  n u c l e i ,  even though they may have regu- 

l a r  o u t l i n e s  ( t h i s  c l a s s  a l s o  inc ludes  those  nebulae f o r  which i d e n t i f i c a -  

t i o n  of t h e  e x c i t i n g  s t a r s  i s  d i f f i c u l t ) .  

A cons iderable  number of t h e  nebulae  a r e ,  apparent ly  a t  l e a s t ,  s i t u a t e d  i n  

dark-cloud regions.  Many of them appear  a s  q u i t e  i s o l a t e d  formations.  The ap- 

parent  r e l a t i o n s h i p s  w i t h  t h e  clouds a r e  i n d i c a t e d  by t h e  fo l lowing  symbols: 

1 - nebula i n s i d e  cloud; 0.5 - on margin of cloud; 0 - no c l e a r  a s s o c i a t i o n  fE 
with  a cloud. 

The l a c k  of s p e c t r a l  d a t a  on t h e  nebulae  makes i t  impossible  t o  c l a s s i f y  

t h e  o b j e c t s  by c o l o r  c h a r a c t e r i s t i c s .  We obta ined  a rough c l a s s i f i c a t i o n  by 

v i s u a l  e s t ima te s  made on nega t ives  obta ined  i n  b l u e  and r ed  l i g h t :  C i n d i c a t e s  

a nebula  whose emission i n  t h e  r ed  i s  e i t h e r  a l t o g e t h e r  absent  o r  no t i ceab ly  

weaker than  i t s  emission i n  t h e  photographic reg ion;  C + E i n d i c a t e s  a nebula  

t h a t  i s  equa l ly  v i s i b l e  i n  .blue and red  l i g h t ;  C ,  E s t ands  f o r  a nebula  whose 

shape and s t r u c t u r e  a r e  q u i t e  d i f f e r e n t  i n  b l u e  and red  l i g h t .  

Each of t h e  drawings accompanying t h e  ca ta logue  (F igures  3 - 10) i n d i c a t e s  

t h e  r e l a t i v e  p o s i t i o n s  of a cloud and t h e  nebula ( o r  group of nebulae)  a s soc i -  

a t e d  wich i t .  The drawings reproduce t h e  content  of  ou r  photographs and t h a t  

of t he  reproduct ions  i n  t h e  Palomar sky a t l a s .  The s c a l e s  a r e  t h e  same. & 



1 F i g u r e  3 

Numerals from 1 t o  5 g i v e  a  

rough e s t i m a t e  o f  t h e  absorp-  

t i o n  by t h e  c l o u d s  on t h e  Lynds 

s c a l e  [ 6 ] .  I n  c e r t a i n  c a s e s ,  

t h e  d a t a  used a r e  t a k e n  d i r e c t -  

l y  from t h i s  s o u r c e .  Each u n i t  

on t h e  s c a l e  cor responds  t o  an 

a b s o r p t i o n  approx imate ly  e q u a l  

t o  one  s t e l l a r  magnitude.  I n  most 

c a s e s ,  however, t h i s  s c a l e  was 

used o n l y  as a p r o t o t y p e  f o r  

e s t i m a t i o n  o f  t h e  unknown ab- I 

A number o f  i m p o r t a n t  r e s -  i 
e r v a t i o n s  must b e  s t a t e d  h e r e .  

F i r s t ,  t h e  v i s i b i l i t y  of a d a r k  

c loud  and t h e  judgement a s  t o  

whe ther  i t  is  a c t u a l l y  p r e s e n t  

at a g i v e n  p o s i t i o n  depend ex- 

t r e m e l y  h e a v i l y  on t h e  d e n s i t y  

o f  t h e  s tar  background and its 

n a t u r a l  f l u c t u a t i o n s .  Clouds 

w i t h  s t r o n g  a b s o r p t i o n  are a lmos t  always i d e n t i f i e d  q u i t e  r e l i a b l y  on t h e  b a s i s  

of a  number of c r i t e r i a :  s h a r p n e s s  o f  marg ins  (which a r e  sometimes f a i n t l y  lum- 

i n o u s ) ,  t h e  absence,  i n  t h e  p a r t i c u l a r  r e g i o n  o f  t h e  sky ,  o f  s tar -background-  

d e n s i t y  f l u c t u a t i o n s  t h a t  might s i m u l a t e  a c loud ,  t h e  v i s i b i l i t y  of f a i n t  g a l -  & 
a x i e s ,  and so  f o r t h .  I n  most c a s e s ,  t h e  c o n t o u r s  of such  c l o u d s  have  been 

r e p r e s e n t e d  on t h e  drawing w i t h o u t  t a k i n g  any s p e c i a l  l i b e r t i e s .  More l i c e n s e  

i s  n a t u r a l l y  r e q u i r e d  i n  d e t e r m i n a t i o n  o f  b o u n d a r i e s  and a b s o r p t i o n  i n  c l o u d s  

of low and medium d e n s i t y  s e e n  a g a i n s t  s t r o n g l y  f l u c t u a t i n g  and s p a r s e  s t a r  

f i e l d s .  Bere  t h e  a b s o r p t i o n  e s t i m a t e s  may b e  on t h e  h i g h  s i d e ,  s i n c e  an a c c i -  

denra l  s t a r - d e n s i t y  d e f e c t  may b e  a s c r i b e d  t o  a b s o r p t i o n .  Something similar i s  



Figure  4 
% c 

observed i n  t h e  reg ions  of t h e  

Milky Way t h a t  a r e  occupied by 

ex tens ive  dark  clouds of complex 

s t r u c t u r e .  Here, however, e r r o r s  

a r e  l e s s  l i k e l y .  A c l e a r  overes-  

t ima t ion  of absorp t ion  may occur  

i n  r eg ions  remote from t h e  galac-  

t i c  equa to r ,  where t h e  d e n s i t y  of 

s t a r s  drops sha rp ly .  The r e s u l t  

i s  a k ind  of "Hagen e r ro r " ,  bu t  

one of  a  t o t a l l y  d i f f e r e n t  n a t u r e  

E71 

I n  doub t fu l  ca ses ,  t h e  cloud 

o u t l i n e s  are i n d i c a t e d  by broken 

l i n e s  on t h e  drawings. I n  some 

cases  t h a t  a r e  a t  f i r s t  g l ance  

doub t fu l ,  i t  i s  s t i l l  p o s s i b l e  t o  

e s t a b l i s h  t h e  r e a l i t y  of t h e  assoc- 

i a t i o n  between t h e  r e f l e c t i o n  nebu- 

l a  and t h e  absorbing medium. We 

r e f e r  h e r e  t o  g lobules ,  dark  l a n e s  

and condensat ions "embedded" d i r -  

e c t l y  i n  t h e  s t r u c t u r e  of t h e  

nebula i t s e l f ,  even though t h e  l a t t e r  does no t  belong t o  a d e f i n i t e  dark cloud. 

I n  such cases ,  it i s  l o g i c  n  h igher -on  - - t h e  s c a l e ,  even - 
though t h e  j u s t i f i c a t i o n  f o r  so  doing i s  n o t  complete. 

It must b e  acknowledged t h a t  t h e  information g iven  i n  t h e  ca ta logue  is  in -  

complete p r imar i ly  a s  regards  t h e  s p e c t r a  and l u m i n o s i t i e s  of  t h e  r e f l e c t i o n -  

nebula n u c l e i .  A t  t l ie same t ime,  both t h e s e  da t a  and d a t a  on t h e  co lo r  excesses  & 

o f  t h e  n u c l e i  and t h e  p o l a r i z a t i o n  of t h e i r  l i g h t ,  t h e  s p e c t r a l  p o l a r i z a t i o n  

p r o p e r t i e s  of t h e  nebulae  themselves,  e t c . ,  a r e  a b s o l u t e l y  necessary  f o r  de t e r -  i 

ances and s o l u t i o n  of o t h e r  problems of fundamental importance 

2 2 



( f o r  example, f o r  judgements a s  /14 
t o  t h e  p r o p e r t i e s  of i n t e r s t e l l a r  ' 

dus t  p a r t i c l e s ,  random assoc- 
- - 

i a t i o n  of h o t  stars wi th  dark  

clouds,  e t c . ) .  B r i e f l y ,  t h e  l ist- 

i n g  of r e f l e c t i o n  nebulae  and t h e  

s t a r s  corresponding t o  them m e r i t s  

more c a r e f u l  and complete i n v e s t i -  

ga t ion .  Most of t h e  problems enum- 

e r a t e d  he re  p re sen t  no p a r t i c u l a r  

d i f f i c u l t y  f o r  modern, wel l-  

equipped o b s e r v a t o r i e s  and w i l l ,  

i n  a l l  p r o b a b i l i t y ,  be  so lved  dur- 

i n g  t h e  next  few y e a r s .  Prom t h i s  

s t andpo in t ,  t h e  ca ta logue  publ i shed  

he re  may b e  regarded a s  t h e  begin- 

ning of t h i s  t a sk .  

We d e s c r i b e  t h e  i n d i v i d u a l  

o b j e c t s  l i s t e d  i n  t h e  ca ta logue:  

I I 
P igure 5 . < 

2 - s i t u a t e d  on t h e  margin 

of a compact cloud a s s o c i a t e d  

wi th  t h r e e  b r i g h t  s t a r s  whose 
m 

t o t a l  magnitude i s  6 .52.  The nebula c o n s i s t s  of a b r i g h t  nucleus and a 

pe r iphe ra l  p a r t .  The b r i g h t  reg ion  i s  11.5-2'  ac ros s .  There a r e  two /15 
v a r i a b l e s  i n  t h e  v i c i n i t y ,  one of which i s  RW Aur; 

4 - on t h e  margin of t h e  open c l u s t e r  NGC 255; 

1 5 - i n  add i t i on  t o  t h i s  nebula ,  f i v e  moke smal l  nebulae (%0'.1) a r e  

observed; 



6 - t h e  r e f l e c t i o n  nebula has 

companions with t h e  C + E spectrum, 

c h a r a c t e r i s t i c  dark  g u l f s ,  and r i m s  

t h a t  i n d i c a t e  e x c i t i n g  s t a r s ;  

9 - f a i n t l y  v i s i b l e  i n  red l i g h t ;  

s t r u c t u r e  t h e  same i n  C and E; 

11 - a  t y p e U G v a r i a b l e  i n  t h e  . 

v i c i n i t y ;  

12 - toward t h e  southwest,  t h e  

nebula undergoes a t r a n s i t i o n  t o  

E and concen t r a t e s  around ano the r  

s t a r .  According t o  M.V. Dolidze 

[8],  t h e r e  a r e  two s t a r s  w i th  H 

emission i n  t h e  immediate v i c i n -  

i t y ;  t h e s e  may be p a r t  of t h e  

P e r  I1 a s s o c i a t i o n .  N.N.  Johnson 

[ 9 ]  g ives  f o r  t h e  nebula 

- 
$Of'', 96, U - B = - lm, 10. 

Th 

Figure  6 of t h e  type  I n  on t h e  edge of 

t he  cloud type  i n  v a r i a b l e  on 

t h e  margin of t h e  cloud. According t o  Mar te l  [ l o ] ,  t h e  p o l a r i z a t i o n  i n d i c a t e s  

a s s o c i a t i o n  with t h e  stars BD 30'549 and BD 30'548. A cha in  of  smal l  emission 

condensations i s  observed: 

1 3  - as soc ia t ed  wi th  t h e  I C  348. I n  t h e  cloud, and v a r i a b l e  s t a r  Rwn 

- t h e  c e n t e r  of a T-associat ion [20];  . 

1 4  - c l u s t e r  of nebulae  i n  t h e  P l e i a d e s  ( s e e  a r t i c l e  by Yu. I. Glushkov 

i n  t h i s  c o l l e c t i o n ;  



1 5  - a smal l  emission nebula  

around t h e  nucleus i n  E .  I n  C, 

t h e  nebula i s  s i t u a t e d  t o  one 

s i d e  of t h e  nucleus.  A group of 

type Rwn v a r i a b l e  s t a r s  i n  t h e  

v i c i n i t y  of t h e  nebula;  

16  - N.N. Johnson [9]  r e p o r t s  two 

v a r i a b l e  n u c l e i ,  DD Tau, CZ Tau, 

wi th  s p e c t r a l  c l a s s e s  dK6e and 

dM2 e ; 

17 - t h e  nucleus i s  t h e  v a r i a b l e  

RY Tau; 

1 8  - r e f l e c t i o n  nebula belonging 

t o  t h e  group of emission and 

C + E o b j e c t s .  Two 1 6 ~  v a r i a b l e s  

of unknown type  ; 

20 - s i t u a t e d  a t  t h e  end of a  

l a n e  t h a t  te rmina tes  i n  a  s t r o n g l y  

absorbing compact cloud wi th  

R = 1 2 ' .  The nebula t a k e s  t h e  

form of a  dense au reo le  wi th  r .  = 1'. The nucleus i s  v a r i a b l e  s t a r  RWn 

of t h e  type  A .  Aur; 

2 1  - a s s o c i a t e d  wi th  a  t i g h t  group of s t a r s .  One of them is an emission 

s t a r  [ 8 ] ;  

25 - cometary. F a i n t l y  v i s i b l e  i n  r ed  l i g h t .  , S t r u c t u r e  very c l o s e l y  

s i m i l a r  t o  t h a t  of NGC 2068. P a r t  of t h e  nebula i s  sepa ra t ed  from t h e  

main body by a s t rong ly  absorbing b r idge ;  
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28 - a  type  IiWn v a r i a b l e  i n  t h e  

immediate v i c i n i t y  of t h e  nucleus;  

29 - no nucleus ,  F a i n t l y  v i s i b l e  

i n  E; 

30 - no nucleus.  F a i n t l y  v i s i b l e  

31 - cometary, d i s c e r n i b l e  i n  E. 

Source of luminos i ty  no t  d e f i n i t e -  

l y  determined. Poss ib ly  a  s t a r  i n  

t h e  head of t h e  comet; 

34 - t h e  nucleus i s  w O r i ;  accord- 

i n g  t o  t h e  CSP [Katalog Polozheniy 

Zvezd (Catalogue of S t a r  Posi-  

t i o n s ) ] ,  pos s ib ly  a  v a r i a b l e ;  

36 - t h e  luminos i ty  of t h i s  nebula 

w a s  s t u d i e d  by D.A. Rozhkovskiy 

37,38 - d a t a  publ i shed  i n  t h i s  

c o l l e c t i o n ;  

39 - d a t a  publ i shed  i n  [ 4 ] ;  

42 - d a t a  publ i shed  i n  [9,  111. Var iab le  s t a r s  and Herbig-Aroult o b j e c t s  

a r e  v i s i b l e ;  

40,41 - nebulae  sepa ra t ed  from NGC 2068 b y ' a  dark  b r idge ;  apparent ly ,  

t h i s  i s  p a r t  of NGC 2068; 
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45 - poss ib ly  an emission nebula.  

A cometary t a i l  appears in E. 

44 - t a k e s  t h e  form of an extreme- 

l y  compact condensation around a 

nuc leus  w i t h  r = 0 ' . 1  - 0' .2 .  

The width of t h e  e n t i r e  nebula i s  

%01.3 .  The d a t a  f o r  m a r e  unre- n 
l i a b l e .  Associated wi th  a s t a r  

c l u s t e r ;  

48-54 - a whole group of 1 5  C and 

C + E nebulae of va r ious  s i z e s ;  

49,50 - d i f f e r e n t  s t r u c t u r e s  i n  

C and E; 48, 52 have a s t e e p  

b r i g h t n e s s  g rad ien t ;  

55 - a t t ended  by a group of sma l l  

f a i n t  nebulae;  no d e f i n i t e  absorb- 

i n g  cloud;  

57,58,60,61 - t h e s e  may form a 

s i n g l e  p h y s i c a l  grouping r e l a t e d  

t o  t h e  Monoceros a s s o c i a t i o n .  57 has a b r i g h t  c e n t r a l  a r e a  wi th  

r = 0 q . 9  ( t h e  shape is  d i f f e r e n t  i n  E ) ;  58 i s  a s s o c i a t e d  wi th  t h e  open 

c l u s t e r  C r  95; 60 i s  cometary, wi th  a b r i g h t  c e n t r a l  condensation wi th  

r - 1 ' . 2 ;  6 1  has  a b r i g h t  c e n t r a l  condensat ion wi th  r = 1' 2; 

59 - r e l a t e d  t o  an extremely c l o s e  c l u s t e r ;  

' m  
63 - r e l a t e d  t o  a s t a r  c l u s t e r ;  a s t a r  of 1 4  .2  surrounded by a sma l l  

nebula  wi th  r = 0 ' . 3  i s  s i t u a t e d  n e a r  t h e  main nebula;  



64 - a t  t h e  c e n t e r  of t h e  nebula,  

an extremely t i g h t  c l u s t e r  of 

f a i n t  s t a r s .  The two c l o s e  n u c l e i  

resemble d i f f u s e  o b j e c t s  even a t  

1:10 a p e r t u r e  r a t i o .  Toward t h e  

n o r t h ,  one more smal l  r e f l e c t i o n  

nebula i s  observed; 

65 - C + E,  a s s o c i a t e d  wi th  a t i g h t  

group of s t a r s .  Alongside, a  ve ry  

smal l  f a i n t  nebula ;  

66 - r e l a t e d  t o  a t i g h t  s t a r  

c l u s t e r  ; 

69,70 - form a c l o s e  double; 

71-73 - p o s s i b l y  r e l a t e d  t o  a  . 

c l u s t e r  of f a i n t e r  s t a r s ;  

I 

Figure  10  75 - v i s i b l e  i n  E. Contours coin- /18 
c i d e  i n  C and E. Two v a r i a b l e s  

i n  t h e  region of t h e  nebula ;  AN Sco, a  t ype  RWn, and W Sco, a  type  M. 

The boundary of t h e  nebula  co inc ides  w i t h  t h e  boundary of  t h e  absorbing 

region;  

76,77 - two c l o s e  double s t a r s  i l l u m i n a t i n g  a  s i n g l e  nebula.  Data on 

p o l a r i z a t i o n  given i n  M a r t e l ' s  paper  [LO] ; 

78-80 - a group of nebulae ,  t h r e e  of which a r e  b r i g h t  and s i t u a t e d  i n  a  

l a n e  r a d i a n t .  78 may be  a s soc i a t ed  with a  s t a r  group; i t s  nucleus has  

a  l a r g e  c o l o r  excess  E = +om.50. The type  RW v a r i a b l e  V 852 a l s o  
I .  n 



occurs  here .  The l i g h t  of t h e  nucleus i s  p o l a r i z e d  i n  t h e  long  d i r e c t i o n  

of the  l a n e  [ 9 ] .  79 i s  a  c l u s t e r  of t h r e e  s t a r s  wi th  very s t r o n g  conden- 

s a t i o n  toward t h e  c e n t e r ;  t h e  nuc leus ,  p Oph, i s  the  c e n t e r  of a  T 

a s s o c i a t i o n ;  

81  - a longs ide  t h e  nuc leus ,  t h e  type  RR Lyr v a r i a b l e  V 743; 

82 - some informat ion  on t h e  nebula given i s  i n  [12] .  A number of non- 

s t a t i o n a r y  stars i n  t h e  v i c i n i t y  of t h e  neb-ula; 

83-86 - a reg ion  wi th  s t r o n g  abso rp t ion  and dark  l a n e s .  C C E and E ob- 

j e c t s  observed a long  wi th  t h e  C. A number of nebulae  a r e ,  i n  t u r n ,  f 

r e l a t e d  t o  c l o s e  s t a r  c l u s t e r s .  It appears  t h a t  t h e  e n t i r e  complex i s  a 

s i n g l e  phys i ca l  group; 

88,89 - t h e  wes tern  boundary of t h e  cloud is  ve ry  sha rp ly  ou t l i ned .  The 

nebulae  a r e  r e l a t e d  t o  a star c l u s t e r ;  

89 - d i s c e r n i b l e  i n  E; a dense-globule i n c l u s i o n  is  observed; 

9 1  - t h e  nuc leus  may be a v a r i a b l e ;  

92 - s i t u a t e d  a t  t h e  junc t ion  of two l anes .  Data given i n  t h e  papers  of 

Mar te l  [ l o ]  and D. A. Rozhkovskiy [ 4 ] .  ~ u c l e u s '  po l a r i zed  i n  t h e  d i r ec -  

t i o n  of t h e  f i l a m e t n t s  and t h e  long  d i r e c t i o n  of t h e  dark cloud 191; 

93-98 - i n  t h e  reg ion  of t h e  Great Fork of t h e  Milky Way; 

100 - c o n s i s t s  of a s e r i e s  of  smal l ,  f a i n t  nebulae;  

103 - nucleus surrounded by a  s t a r  c lu s t6 r .  Dense, dark  i n c l u s i o n s  are 

observed on t h e  boundary of t h e  nebula;  
' 



104 - a longs ide  ( a  = 21h01m, 5 ,  6 = 50° ) ,  a  group of ve ry  sma l l  compact 

r e f l e c t i o n  nebulae s i t u a t e d  i n  a  lane ;  

105 - as soc ia t ed  w i t h  a  group of f a i n t  v a r i a b l e s ,  f l a r e ,  and T Tau stars. 

Ffore d e t a i l e d  d a t a  a r e  publ i shed  i n  t h e  p re sen t  c o l l e c t i o n ;  

106 - t h e  nucleus i s  a s p e c t r a l  t r i p l e  of t ype  E 11, HD 203025; 

108 - according t o  H a l l  [13] ,  t h e  l i g h t  of t h e  star i s  po la r i zed  i n  t h e  . 
d i r e c t i o n  of t h e  nebu la ' s  f i l amen t s ;  

109 - photometr ic  d a t a  a v a i l a b l e  i n  [4 ] ;  

110-113 - a s s o c i a t e d  w i t h  a  c l u s t e r  of a t  l e a s t  1 0  stars; 

112 - d a t a  given i n  Herb ig ' s  paper  [14];  

114 - v i s i b l e  n e a r  t h e  C + E nebula I C  5146. The e n t i r e  reg ion  is s i t u -  

a t e d  a t  t h e  end of a l a n e .  A l a r g e  group of nons t a t iona ry  o b j e c t s  a l s o  

occurs  here ;  

115,116 - margin of c loud luminous; 

117 - as soc ia t ed  wi th  t h e  terminus of  a very  dense narrow l ane .  The l a n e  

has f a i n t  luminos i ty  i n  C and E;  

118 - l a n e  i s  luminous, C > E. Nebula a t  end of l a n e .  

Data on t h e  nebulae and t h e i r  i l l u m i n a t i n g  n u c l e i  a r e  given i n  t he  ca ta -  

logue. A number of r e l a t i o n s h i p s  were der ived  on t h e  b a s i s  of t h e  r e s u l t s .  

The r e l a t i o n s h i p  between t h e  b r igh tnes s  n>k of  t h e  nuc leus  and t h e  d i s t a n c e  

Q n  from t h e  nuc leus  t o  t h e  f a i n t e s t  po in t  of t h e  nebula  is  shown i n  Figure 11. E 
1 

T h e  c i r c l e s  i n d i c a t e  nebulae  wi th  s p h e r i c a l  shapes,  and t h e  squares  i r r e g u l a r  i /19 
nebulae .  

20 
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We s e e  from Figure 11 t h a t  I \  * 1 1 6  

j \  t h e r e  i s  no d i s t i n c t  r e l a t i o n s h i p  

between m* and l o g  (gn .  I n  l i n e a r  

approximation, t h i s  r e l a t i o n s h i p  

might b e  given by 

m i =  -klgy, .+a, 
(2)  

where 

k=5,2rt 0,3, a= 11,5rtO,l. 

I n  t h e  work of s e v e r a l  o t h e r  

au tho r s  [ l ,  15-17] who have a l s o  ' 

presented  m* a s  a  l i n e a r  func t ion  

of l o g  m n ,  t h e  c o e f f i c i e n t  a  t akes  

on a wide v a r i e t y  of va lues  ranging  

from 1lm.0  [17] t o  1 2 ~ . 0  [16] .  These d i sc repanc ie s  . - can  b;? expla ined  - -- - by a c e r t a i n  

indeterminacy i n  t h e  eva lua t ion  of m, and P n  and by t h e  s e l e c t i o n  of t h e  mater- 

i a l  f o r  s tudy .  A t  t h e  same time, d e s p i t e  t h e  f a c t  t h a t  t h e r e  e x i s t s  a  d e f i n i t e  

r e l a t i o n s h i p  l i n k i n g  m* and l o g  (g t h e  s c a t t e r  of t h e  p o i n t s  i n  F igure  1 1 i s  ra-  
n  ' 

t h e r  wide, and may amount t o  s e v e r a l  s t e l l a r  magnitudes f o r  a  g iven  (g . Clea r ly ,  
n  

such s c a t t e r  cannot b e  explained i n  terms of e r r o r s  i n  t h e  de te rmina t ion  of m* 

and $ n .  Di f fe rences  i n  t h e  sky background on d i f f e r e n t  nega t ives  i n t roduce  a 

c e r t a i n  inhomogeneity i n t o  t h e  m a t e r i a l  s t u d i e d .  It i s  d i f f i c u l t  t o  c o r r e c t  
-. 

a c c u r a t e l y  f o r  t h e  in f luence  of sky background on nebula dimensions, owing t o  - .- 

t h e  i r r e g u l a r  s t r u c t u r e  of t h e  nebula  and ou r  l a c k  of knowledge concerning 

b r i g h t n e s s  d i s t r i b u t i o n  i n  t h e  unobserved p a r t .  We d i d  have a t  ou r  d i s p o s a l  

nega t ives  each of which showed a whole group of nebulae.  Analaysis  of t hese  

o b j e c t s  i n d i c a t e s  t h a t  t h e  d i spe r s ion  i n  (2) remains l a r g e  even a t  a  cons tan t  
- 

night-sky background b r igh tnes s  v We a l ~ o ' i n v e s t i ~ a t e d  f o r  a p o s s i b l e  r e l a -  
b  

t i o n s h i p  between v andmn. According t o  o u r  d a t a ,  t h e r e  was no d i s c e r n i b l e  b 
c o r r e l a t i o n  between v and @ . This  sugges t s  t h a t  t h e  d i s p e r s i o n  observed i n  m* b  n 
a s  a f u n c t i o n  of l o g  4 i s  f e a l ,  and n o t  t h e  r e s u l t  of reduct ion  of t h e  observa- 

n 
t i o n a l  d a t a .  Rela t ionship  (2) i s  d iscussed  i n  g r e a t e r  d e t a i l  below, Here w e  /20 



Figure  12 
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I 
I n o t e  only a  s e r i e s  of nebulae  n o t  descr ibed  by (2) .  A s  a  r u l e ,  such o b j e c t s  a r e  
1 

t p e c u l i a r  i n  some r e spec t :  they a r e  e i t h e r  i l l umina ted  by s e v e r a l  s t a r s ,  o r  a r e  
i 

cometary, o r  a r e  unusual ly b r i g h t .  

These nebulae  inc lude  16 ,  17 ,  21, 25, 42, 43, 55, 64, and a  number of 

o t h e r s .  The p r o p e r t i e s  of t h e s e  nebulae  a r e  c i t e d  i n  t h e  explanatory n o t e s  t o  

t h e  Catalogue. 

F igure  12  shows t h e  r e l a t i o n s h i p  between t h e  f l u x  H n from t h e  nebula and 

t h e  a r e a  S from which t h e  f l u x  was determined. 

A s  we s e e  from Figure  12 ,  t h e  observed dependence i s  n i c e l y  represented  by 

t h e  l i n e a r  r e l a t i o n s h i p  

m,= - k ,  4g S ~ V ,  

The c o e f f i c i e n t  v c h a r a c t e r i z e s  t h e  average s u r f a c e  b r i g h t n e s s  of t h e  nebu- 

l a  from ID'. Indeed, i f  w e  assume t h a t  t h e  average s u r f  ace  b r igh tnes s  

i s  t h e  same f o r  a l l  o b j e c t o , ( 3 )  fo l lows  d i r e c t l y  from (4) .  



Thus, lcnowing t h e  l i n e a r  r e l a t i o n s h i p  between m and l o g  S ,  we a r r i v e  a t  
n  

t he  conclusion t h a t  t h e  average s u r f a c e  b r i g h t n e s s  of t h e  nebulae i s  a  cons tan t .  

Needless co say ,  t h e r e  a r e  a l s o  s u b s t a n t i a l  d e v i a t i o n s ,  e .g . ,  i n  2,  31, 44, 56, 

and a  number of o t h e r s .  A s  a  r u l e ,  such o b j e c t s  e x h i b i t  va r ious  p e c u l i a r i t i e s  

t h a t  a r e  n o t  i n h e r e n t  t o  " typ ica l "  r e f l e c t i o n  nebulae. For example, nebula 31 . 

is  cometary, and t h e  source  of e x c i t a t i o n  has  no t  been d e f i n i t e l y  i d e n t i f i e d .  

A t  t h e  same time, t h e  c l o s e  c o r r e l a t i o n  between m and l o g  S t h a t  fo l lows  
n  

from Formula (18) ,  which w i l l  be  der ived  i n  t h e  next  s e c t i o n ,  sugges ts  t h a t  pr 

does no t  depa r t  g r e a t l y  from t h e  average f o r  t h e  ma jo r i t y  of r e f l e c t i o n  nebulae. 

Re la t ionsh ip  (2), which we der ived  from t h e  obse rva t iona l  da t a ,  was f i r s t  

der ived  t h e o r e t i c a l l y  by Habbl [15] ,  and t a k e s  t h e  form 

m ,  = - 5 lgqn-i-a 

(4 i n  minutes  of a r c ) .  

Habbl determined a from obse rva t iona l  da t a .  A t  t h e  b r i g h t n e s s  l i m i t  

E = 14m. 36 from 1 0' and a  = l lm.02 .  
n  

Re la t ionsh ip  (5) i s  e a s i l y  der ived  on t h e  assumption of uniform s p a t i a l  

d i s t r i b u t i o n  of t h e  dus t  i n  which t h e  s t a r s  a r e  immersed. This  t a k e s  account 

only of in format ion  from a  smal l  volume l y i n g  along a  r a d i u s  extending from t h e  

s t a r  perpendicular  t o  t h e  l i n e  of s i g h t .  

A number of au tho r s  [ l ,  16, 171 r e p o r t  t h a t  t h i s  r e l a t i o n s h i p  i s ,  on t h e  

average, s a t i s f i e d .  However, obse rva t iona l  d a t a  i n d i c a t e  t h a t  t h e  s c a t t e r  is 

n e v e r t h e l e s s  l a r g e .  Moreover, t h i s  s c a t t e r  cannot be expla ined  by the  observa- 

t i o n a l  e r r o r s .  The c o e f f i c i e n t  of l o g @  i s  found t o  be  somewhat l a r g e r  than  
n  

f i v e ,  i n  c o n t r a d i c t i o n  t o  Habbl 's  t h e o r e t i c a l  c a ~ c u l a t i o n s .  

One p o s s i b i e  reason f o r  ' t h e  r a t h e r  i n d i s t i n c t  dependence of m* on l o g  4 
n 

may b e  t h e  cloud s t r u c t u r e  of t h e  i n t e r s t e l l a r  medium. Ind iv idua l  c louds 



siM, s i t u a t e d  a t  t h e  same d i s t a n c e  from t h e  s t a r  i l l u m i n a t i n g  them 

may be obscrvcd a t  widely d i f f e r e n t  angular  d i s t a n c e s  from t h e  

I bow s t a r .  The r e l a t i o n  between m* and l o g  0, may be  thrown o f f  
I n 

ivf sharp ly  by i n t e r s t e l l a r  cloud s t r u c t u r e .  It must be  noted,  how- 

p\ eve r ,  t h a t  t h e  p r o b a b i l i t i e s  of observing a  given cloud a t  d i f f e r -  
0 

ent  angular  d i s t a n c e s  from t h e  s t a r  a r e  d i f f e r e n t ,  w i th  t h e  
F igure  1 3  

r e s u l t  t h a t  t h e r e  i s  a n  ev ident  c o r r e l a t i o n  between m* and l o g  b , 
The l u m i n o s i t i e s  of a nebula of a r b i t r a r y  shape a t  an a r b i t r a r y  

p o s i t i o n  r e l a t i v e  t o  t h e  s t a r  were c a l c u l a t e d  t o  exp la in  t h e  observed c o r r e l a -  

t i o n  between m,\ and l o g  0, . Approximate account was taken of f i r s t - o r d e r  
n  

s c a t t e r i n g  i n  t h e s e  c a l c u l a t i o n s .  

Let  a  column of dus t  of o p t i c a l  d e n s i t y  T l i e  on t h e  l i n e  of s i g h t  (Fig- 1 
u r e  1 3 ) ;  t hen  t h e  b r igh tnes s  E from a squa re  minute is  determined by t h e  

n  
formula 

where E* i s  t h e  apparent  b r i g h t n e s s  of t h e  s t a r ,  N is  t h e  number of sqQare min- 

u t e s  i n  one s t e r a d i a n ,  and p i s  t h e  albedo of t h e  p a r t i c l e s .  

A l l  c a l c u l a t i o n s  were made f o r  two s c a t t e r i n g  i n d i c a t r i c e s :  

x(0) = c1 
I-xl cos 9 + c2 cos 9 

wi th  t h e  parameter va lues  c  = 0.394, c2 = 0.666, xl = 0.987. This  l a s t  ind ica-  
1 

t r i x  is  very  c l o s e  t o  t h e  s c a t t e r i n g  i n d i c a t r i x  used by I . N .  Minin El81 f o r  

a n a l y s i s  of re f lec t ion-nebula  luminescence. The f i g u r e  obta ined  d i r e c t l y  from 

our  photographs was E = ~ 5 ~ . 3  from l a ' ,  o r  5  - 10% of t h e  skyglow. 
n  

Here znd below, t h e  index "n" c h a r a c t e r i z e s  t h e  l i m i t i n g  va lues  of t h e  
m 

parameters of  t h e  nebula,  a t  which t h e  s u r f a c e  b r i g h t n e s s  comes t o  1 5  - 3  from & 



Figure 14 

. Using d a t a  c a l c u l a t e d  by Formula (6) f o r  t h e  p-r i n t e r v a l s  
1 

from 0.5 - 2.0 and 0 . 1  - 0.5 ,  4 -  was found a s  a  func t ion  of mk. 
LA 

The c a l c u l a t e d  r e s u l t s  a r e  p re sen ted  i n  Figure 11 i n  t h e  form of 

averaged s t r a i g h t  l i n e s .  L ines  1 and 2  ( f o r  a  s p h e r i c a l  ind ica-  

t r i x )  and 3 - 4  ( f o r  a  p r o l a t e  i n d i c a t r i x )  correspond t o  t h e  p~ 
1 

i n t e r v a l s  from 0.5 - 2.0 and 0 .1  - 0.5. Since only  s i n g l e  s c a t t e r -  

i ng  was taken  i n t o  account i n  t h e  c a l c u l a t i o n s ,  p~ = 0.5 - 2.0 rep- 
i 

r e s e n t s  a  c e r t a i n  parameter r a t h e r  t han  a  r e a l  quan t i t y .  For i 

example, wi th  u  < 0.7, an  i n c r e a s e  i n  T above 1.0 does n o t  r e s u l t  i n  an inc reased  
.- . 

b r i g h t n e s s  of t h e  nebula .  For-h . . < 0.7, t h e r e f o r e ,  t h e  parameter UT t h a t  we use  

must n o t  exceed 0.6. With inc reas ing  U, t h i s  r e s t r i c t i o n  r e l a x e s ,  and a t  p = 1 

a n ' i n c r e a s e  i n  T always r e s u l t s  i n  a  b r i g h t n e s s  i n c r e a s e ,  a l though t h i s  change 

t a k e s  p l a c e  slowly a t  l a r g e  T. 

Since  we f i n d  from t h e  observa t ions  t h a t  p~ < 2 ,  we should n a t u r a l l y  ex- 
4 1 
! pec t  most of t h e  p o i n t s  i n  F igure  11 t o  f i l l  t h e  e n t i r e  space t o  t h e  l e f t  of 

curves 1 and 3. On t h e  o t h e r  hand, t h e  e x i s t i n g  c o r r e l a t i o n  between rn* and 
: 
$ l o g  4 becomes unders tandable  on t h e  b a s i s  of t h e  p r o b a b i l i t y  of observing a 

n  
cloud a t  a given angu la r  d i s t a n c e  from t h e  s t a r .  Obviously, t h e  p r o b a b i l i t y  of  

f i n d i n g  a cloud i n  t h i s  volume of space i s  p r o p o r t i o n a l  t o  t h e  volume i t s e l f .  
! 

Let  us  t a k e  t h e  t o t a l  volume i n  which t h e  p a r t i c u l a r  s t a r  can cause t h e  observed 
i 
I m luminescence of a  cloud a s  un i ty .  For a  4  s t a r ,  t h i s  corresponds t o  sn = 40'.  
i 

j It i s  easy t o  c a l c u l a t e  t h e  f r a c t i o n  of t h i s  volume corresponding t o  angular  
I 

i d i s t a n c e s  . For example, f o r  t h e  i n d i c a t r i x  (9)  and f o r  m* = 4m, 3% of 

I t h e  volume f a l l s  t o  angular  d i s t ances  4 from 1 t o  10 '  and 97% of t h e  i n t e r v a l '  
n  

I of +- from 20 t o  40 ' .  Qu i t e  n a t u r a l l y ,  t h e  overwhelming ma jo r i t y  of nebulae 
11 

' a s s o c i a t e d  wi th  4m s t a r s  w i l l  have $ i n  t h e  wO - 40' range. The + were found 
n  n  

f o r  magnitudes t o  lorn. The agreement wi th  obse rva t ions  was good. Moreover, 

t h e  i n d i c a t r i x  of (9) o r  a s l i g h t l y  l e s s  p r o l a t e  i n d i c a t r i x  o f f e r s ,  on t h e  aver- 

age,  a  b e t t e r  explana t ion  f o r  t h e  c o r r e l a t i o n  (F igu re  11 )  than  does a  s t r o n g l y  

p r o l a t e  i n d i c a t r i x .  

In our  e a r l i e r  d i scuss ion  of t he  d e v i a t i o n  of t h e  m,-log 4) curve from 
n  

Kabb lYs  r e l a t i o n s h i p ,  we succeeded i n  showing t h a t ,  on t h e  average,  t h e  nebulae  

25 



a r e  cha rac t e r i zed  by h ighly  nonuniform mass d i s t r i b u t i o n s  and s l i g h t l y  p r o l a t e  

i n d i c a t r i c e s  . 

Represent ing t h e  e n t i r e  popula t ion  of nebulae by a  c e r t a i n  homogeneous 

s p h e r i c a l  model, we can draw c e r t a i n  f u r t h e r  conclus ionsas  t o  t h e  average v a l u e  

of V T .  
I 

I 

I n  t h e  gene ra l  case ,  cons ider ing  t h a t  nebulae  wi th  both sma l l  and l a r g e  

o p t i c a l  ~ h i c k n e s s e s  a r e  observed, t h e  b r i g h t n e s s e s  of such o b j e c t s  should be  

c a l c u l a t e d  w i t h  cons ide ra t ion  of h i g h e r  s c a t t e r i n g  o r d e r s .  Such c a l c u l a t i o n s  

were c a r r i e d  out  by A;V. Kurchakov and a r e  publ i shed  i n  t h e  p re sen t  c o l l e c t i o n .  

But on t h e  o t h e r  hand, t h e  number of nebulae wi th  l a r g e  observed f l u x e s  is  smal l ,  

and Habb l i s  r e l a t i o n s h i p  is  s a t i s f i e d  only approximately, s i n c e  t h e  nebulae 

themselves have an i r r e g u l a r  s t r u c t u r e .  A l l  t h i s  g ives  reason t o  hope t h a t  we 

may be  a b l e  t o  use  an approximate c a l c u l a t i o n  of t h e  f i r s t  s c a t t e r i n g  o r d e r  i n -  

s t e a d  of t h e  complex c a l c u l a t i o n s  needed t o  o b t a i n  t h e  s t a t i s t i c a l  average 

v a l u e  of u-r - t h e  more so  s i n c e ,  as w i l l  be  shown below, t h e  average v a l u e  of 

UT i s  found t o  be  sma l l  ('b0.18). 

Le t  u s  cons ider  a  s p h e r i c a l l y  symmetrical nebula of r ad ius  R (F igure  14) /23 0 
wi th  a  s t a r  of luminos i ty  L  a t  i ts  c e n t e r .  We s h a l l  approximate only s i n g l e  , 

s c a t t e r i n g .  Then t h e  i n t e n s i t y  of t h e  emission emanating from t h e  nebula  a t  

a d i s t z n c e  p from t h e  c e n t e r  of  t h e  d i s k  i s  given by t h e  Formula (19) 

where ua is  t h e  volume c o e f f i c i e n t  of  s c a t t e r i n g .  Accordingly, t h e  b r i g h t n e s s  

i 
i 

E of t h e  nebula from one square  minute a t  an angular  d i s t a n c e  @ from t h e  c e n t e r  
n  

I of t h e  d i s k  w i l l  be  w r i t t e n  
i 



Xere Eik i s  t h e  apparent  b r i g h t n e s s  'of t h e  s t a r ,  N i s  t h e  number of square  minutes 

i n  a  s t e r ad ia i l ,  and T = clBO i s  t h e  o p t i c a l  r a d i u s  of t h e  nebula.  S ince  t h e  
0 

angulas  dimensionsof t h e  nebulae  a r e  always sma l l ,  we can w r i t e  

Let  us cons ider  t h e  ca se  i n  which x(6) = 1. Then Expression (12) is  

r e w r i t t e n  

( i n  minutes  of a r c ) ,  

xoVF where . i s  t h e  a n g l e  subtended by a cloud of r a d i u s  Ro a t  on <vo.as is  
A 

1 u s u a l l y  t h e  case:  
4 Yn Yn arcsin - = - 0  

1 'To 'To ' (14) 

I 
i 

f 
Then i t  fo l lows  from (13) t h a t  

% 1 
a 
4 

i (15) 
1 
1 
i 

i According t o  Lynds [6] and our  own s t a t i s t i c a l  ana lyses ,  t h e  average dim- i 
i 
i ens ion  of t h e  cloud i s  given by R = 1 . 5  pa r secs .  It fo l lows  from t h e  ca t a logue  
4 0 m 
1 t h a t  t h e  average a b s o l u t e  magnitude of  t h e  n u c l e i  M = -0 .5, and from Expression 

i n 
(5) t h a t  a  = 11.5 and En = 2.512 - 15.3. 

I 
3 
i 

S u b s t i t u t i n g  t h e  d a t a  obta ined  i n t o  Formula (13 ) ,  we f i n d  t h a t  VT = 0.36 
0 

3 Pn f o r  t h e  e n t i r e  cloud. And s i n c e  t h i s  g ives  - = 0.5,  we have  IT = 0.18 f o r  t h e  
i YO 
j 

nebula.  
i 

f 
We have s t i l l  ano the r  p o s s i b l e  way t o  e s t ima te  t h e  average U T  of t h e  nebu- 

I l a e .  I f  t h e  e n t i r e  popula t ion  of nebulae i s  r ep resen ted  by a s p h e r i c a l  model, 

t h e  i n ~ e g r a l  b r i g h t n e s s  H of t h e  nebula w i l l  b e  determined by t h e  fol lowing 
j n L?4 



formula i n  ou r  s c a t t e r e d - l i g h t  approximations: 

and the  average s u r f a c e  b r i g h t n e s s  i s  

Observat ions gave v = 14.7 [ see  (3) 1. 

Considering t h a t  m +  5  l o g +  = 11.5 ,  we f i n d  U T ,  which equals  0.16. 
n  

The good agreement between t h e  va lues  of U T  ob ta ined  by t h e  d i f f e r e n t  meth- 

ods g ives  reason t o  assume t h a t  t h e  e n t i r e  body of observed d a t a  can be repre-  

s en ted  n o t  t oo  badly by a  s p h e r i c a l  model wi th  a  cloud r ad ius  R = 1 . 5  pa r sec ,  
0  

p~~ = 0.36, and pr = 0.18. 

While i t  can b e  es t imated  from t h e  ca ta logue  d a t a  t h a t  t h e  i n d i c a t r i x  i s  

no more p r o l a t e  than  t h a t  of ( 9 ) ,  i t  is  d i f f i c u l t  t o  e s t i m a t e  p because of t h e  

smallness  of t he  va lues  U T  = 0.18 and p~~ = 0.36 t h a t  were obta ined  f o r  t h e  

nebula and t h e  cloud, r e s p e c t i v e l y ,  w i t h  R = 1.5  pa r secs .  For sma l l  U T ,  p  and 
0 

T a r e  n e a r l y  equiva len t  i n  importance. They can be  sepa ra t ed  only by ca lcu la-  

t i o n s  f o r  a  homogeneous s p h e r i c a l  nebula us ing  h igh ly  accu ra t e  d a t a  f o r  t h e  

f l u x  and b r igh tnes s  d i s t r i b u t i o n  over a  d i s k  of t he  nebula.  

Na tu ra l ly ,  t h i s  i s  imposs ib le  f o r  an average model t h a t  desc r ibes  a l l  of 

t h e  s t a t i s t i c a l  m a t e r i a l .  A t  t h e  same t ime,  i f  we assume t h a t  u does no t  vary  

g r e a t l y  from cloud t o  cloud,  we can e s t ima te  it by examination of i n d i v i d u a l  

d e v i a t i o n s  from (11) and (13) .  Some of t h e  nebulae mentioned above a s  n o t  con- 

forming t o  ( 2 )  and (3) have va lues  of H % H*., Examples a r e  o b j e c t s  12,  17 ,  25, 
n - 

31, 48, 56, and o t h e r s .  We used t h e  r e s u l t s  of exac t  c a l c u l a t i o n s  of s p h e r i c a l  

nebula Luminescence f o r  a n a l y s i s  of such nebulae,  



By us ing  t h e  c a l c u l a t e d  d a t a  f o r  t he  f l u x e s  from t h e  nebulae,  and t h e i r  ob- 
m n  m 

se rved  average c h a r a c t e r i s t i c s :  l$, = 1 .5  p a r s e c s ,  M = -0 .5 ,  and E = 15 . O ,  
n 

we can e a s i l y  a r r i v e  a t  t he  fo l lowing  conclusions:  f i r s t l y ,  with w,/H, = 0.5 - 
1 . 0  and p = 0.5, t h e  r a d i u s  of t h e  luminous p a r t  of a  dark  cloud,  i . e . ,  a nebula ,  

amounts t o  l e s s  than  0 .3  of t h e  t o t a l  r a d i u s  of t h e  cloud;  secondly, a  nebula f o r  

which Hn/H, = 0.5 - 1.0  and p = 0.7  w i l l  have a  dimension equal  t o  h a l f  of t h a t  

of t h e  e n t i r e  cloud. 

A t  t h e  same t ime,  it i s  lcnown from observa t ions  t h a t  t h e  dimensions of most 

nebulae wi th  H /HA > 0.5 a r e  no l e s s  than  h a l f  t h a t  of t h e  cloud,  and . t h i s ,  i n  
n 

t u r n ,  s i g n i f i e s  t h a t  p > 0.5 f o r  such o b j e c t s .  

A General Survey of t h e  A s r e g a t e  of Re f l ec t ion  

Nebulae 

Almost a11 of t h e  obse rva t iona l  information t h a t  can be obta ined  on r e f l e c -  

t i o n  nebulae  i s  m a t e r i a l  f o r  t h e  s t a t i s t i c i a n .  Use of t h e  exac t  theory ,  e .g . ,  

t o  i n t e r p r e t  t he  luminescence of i n d i v i d u a l  o b j e c t s ,  which a re ,  a s  a  r u l e ,  ir- /25 
r e g u l a r  and p e c u l i a r ,  y i e l d s  l i m i t e d  and f r e q u e n t l y  ambiguous r e s u l t s .  The 

va r ious  s t a t i s t i c a l l y  c o d i f i e d  c h a r a c t e r i s t i c s  of  t h e  nebulae have g r e a t e r  

weight ,  f o r  example, f o r  de te rmina t ion  of c e r t a i n  o p t i c a l  p r o p e r t i e s  of d u s t  

p a r t i c l e s ,  b u t  even then  they  a r e  found t o  be inadequate  f o r  s o l u t i o n  of such 

a  problem. There a r e  n o t  enough o b j e c t s  s u i t a b l e  f o r  t h i s  purpose among t h e  

t o t a l  number of 200 - 250 known nebulae. 

Although we do n o t  now have m a t e r i a l  covering a l l  nebulae,  inc luding  ob- 

j e c t s  i n  t h e  Southern Hemisphere, i n t e r e s t  w i l l  n e v e r t h l e s s  a t t a c h  t o  c e r t a i n  

d a t a  t h a t  proceed from t h e  ca ta logue  and c h a r a c t e r i z e  t h e  nebulae  i n  t h e  aggre- 

g a t e  i n  t h e  p a r t  of t h e  Millcy Way a c c e s s i b l e  t o  us .  

D i s t r i b u t i o n  of Re f l ec t ion  Nebulae i n  t h e  Milky Way. 

The d o ~ s  i n  F igure  15>k i n d i c a t e  t h e  p o s i t i o n s  o f  a l l  o b j e c t s  i n  t h e  

F igure  1 5  does not  appear i n  t h e  Russian t e x t .  



ca ta logue  i n  t h e  new system of g a l a c t i c  coord ina tes .  The f i g u r e  a l s o  i n d i c a t e s  

t h e  o u t l i n e s  of t h e  dark  clouds and o t h e r  d e t a i l s  whose s i g n i f i c a n c e  w i l l  b e  

d iscussed  below. I n  examining t h i s  drawing, i t  must, of course ,  be kept  i n  mind 

t h a t  w i th  t h e  except ion  of t h e  nebula i l l umina ted  by R ige l ,  i t  i s  equa l ly  char- 

a c t e r i s i t i c  of t h e  d i s t r i b u t i o n  of r e f l ec t ion -nebu la  n u c l e i ,  s i n c e  the  nucleus- 

nebula angu la r  d i s t a n c e  i s  smal l .  The drawing i n d i c a t e s  t h a t  t h e  nebulae show 

a d i s t i n c t  tendency t o  form more o r  l e s s  compact groups numbering from 3 t o  

about 1 5  o b j e c t s .  No more than  10 - 1 5  s o l i t a r y ,  completely i s o l a t e d  o b j e c t s  

s epa ra t ed  from one another  by a  d i s t a n c e  o f ,  say,  5 O ,  can be  counted. It must 

be  aclcnowledged t h a t  t h e  concen t r a t ion  of t h e  nebulae i n t o  l o c a l  groupings was 

noted  even by Kabbl [15] f o r  both r e f l e c t i o n  and emission o b j e c t s .  Our m a t e r i a l  

noL only makes i t  p o s s i b l e  t o  t r a c e  t h i s  tendency more d i s t i n c t l y ,  b u t  a l s o  es- 

t a b l i s h e s  c e r t a i n  new f e a t u r e s  i n  t h e  d i s t r i b u t i o n  of t h e  nebulae.  F i r s t  o f  a l l ,  

s t r e s s  must b e  given t o  an  important  i f  obvious cons idera t ion :  t h e s e  f e a t u r e s  

emerge a s  a r e s u l t  of "superpos i t ion"  of t h e  apparent  d i s t r i b u t i o n  of s t a r s  of 

s p e c t r a l  c l a s s e s  B1-A0 on t h e  one hand, and clouds of absorbing ma t t e r  on t h e  

o t h e r .  However, a v a i l a b l e  informat ion  i s  n o t  equiva len t  f o r  t h e s e  two systems, 

s i n c e  cu r r en t  d a t a  on t h e  s t r u c t u r e  of t h e  absorbing ma t t e r  a r e  inadequate  and 

f r e q u e n t l y  con t r ad ic to ry .  We s h a l l  have occasion t o  r e t u r n  t o  t h i s  ques t ion .  

On t h e  whole, i t  is  no t  d i f f i c u l t  t o  d i s c e r n  t h e  p r i n c i p a l  f e a t u r e s  i nhe ren t  t o  

t h e  f l a t  system of e a r l y  s t a r s  i n  t h e  d i s t r i b u t i o n  of re f lec t ion-nebula  n u c l e i .  

Thus, a long  t h e  g a l a c t i c  b e l t  from Scorp ius  t o  Monoceros, we encounter  t he  f o l -  

lowing lcnown groupings o r  aggrega tes  of ho t  s t a r s ,  among which we may a l s o  

i n c l u d e  t h e  corresponding pockets  of r e f l e c t i o n  nebulae [21, 221: 

The nebulae  of t h e  S a g i t t a r i u s  group, wi th  t h e  p o s s i b l e  except ion  of No. 8, 

a  "companion" of t h e  T r i f i d  Nebula, a r e  s i t u a t e d  i n  a  reg ion  wi th  s t r o n g  ab- 

s o r p t i o n  and dark  l a n e s ,  Th i s  reg ion  emi ts  i n  H . To some degree,  t h e  observed 
01 

arches  and f i laments  around t h e  nebulae  confirm t h a t  t h i s  is  a  s i n g l e  complex. 

The s t r o n g  and nonuniform abso rp t ion  makes accu ra t e  de te rmina t ion  of t h e  



d i s t a n c e  to the s t a r  impossible .  However, i f  i t  i s  assumed t h a t  t h e  n u c l e i  be- fi 
m 

long to t h e  main sequence and t h a t  absorp t ion  amounts, on t h e  average,  t o  1 per  

k i l o p a r s e c ,  we f i n d  t h a t  t h e  d i s t a n c e  t o  t h e  complex does no t  exceed 100 parsecs .  

The nuc leus  of Nebula No. 82 belongs t o  t h e  Sgr I a s s o c i a t i o n .  

The nebulae i n  Vulpecula and S a g i t t a  a r e  s i t u a t e d  i n  t h e  region of 

t h e  Great Fork of t h e  Milky Way. No c l o s e  r e l a t i o n s h i p  among t h e  i n d i v i d u a l  

o b j e c t s  of t h i s  group i s  observed. It i s  more l i k e l y  t h a t  a p r o j e c t i o n  e f f e c t  

i s  observed here .  

The nebulae  of t h e  Cepheus group form a l a r g e  group of nebulae a s soc i -  

a t e d  one-to-one wi th  i n d i v i d u a l  sma l l  c louds.  The e n t i r e  complex breaks down 

i n t o  two subgroups a t  600 and 800 pa r secs  on t h e  b a s i s  of t h e  d i s t ances  t o  t h e  

n u c l e i .  I n  this case ,  i t  appears  t h a t  we observe a c l u s t e r  of smal l  c louds ex- 

tending  from 600 t o  800 parsecs .  

The nebulae of t h e  Taurus group. A l l  of t h e  nebulae  a r e  s i t u a t e d  i n  

an  ex tens ive  absorbing cloud. Es t imates  of t h e  d i s t a n c e s  t o  t h e  n u c l e i  g ive  

va lues  from 600 t o  800 pa r secs .  S ince  accu ra t e  accounting f o r  absorp t ion  is 

' impossible and d i s t a n c e  t h e r e f o r e  cannot be  determined, i t  may be  assumed t h a t  

t h e  nebulae  a r e  a t  t h e  same d i s t a n c e  from us and form a s i n g l e  complex. 

The nebulae of t h e  Monoceros group a r e  s i t u a t e d  i n s i d e  a  l a r g e  cloud. 

Two of them (57 and 58) a r e  i n  a narrow l ane .  The d i s t a n c e  t o  t h e  n u c l e i  is 

500 - 600 pa r secs .  It appears t h a t  both nebulae a r e  a s s o c i a t e d  with t h e  same 

l a n e .  Nebulae 60 and 61 may be more d i s t a n t  and belong t o  another  c loud,  



Thc  nebuiae of t h e  Orion group form a l a r g e  group of nebulae  compos- 

i n g  t h e  Orion complex. The average d i s t a n c e  t o  them i s  400 pa r secs .  The e n t i r e  

Orion r eg ion  i s  s a t u r a t e d  wi th  dark  emission clouds and r e f l e c t i o n  nebulae. 

Nebulae of t h e  Monoceros group. The f i r s t  i s  an extremely c l o s e  group 

of nebulae.  The average d i s t a n c e  t o  t h e  group i s  700 pa r secs .  Nebulae 53, 54, 

and 56 must b e  more d i s t a n t ,  t o  judge from t h e  magnitudes of t h e  n u c l e i .  How- 

ever ,  t h e  f i lament  connect ions between t h e  d i f f e r e n t  nebulae  i n d i c a t e  t h a t  they  

belong t o  t h e  same complex. 

8. l l l = 2 3 8 0 , . .  bll= - 3' 

The Canis Major Nebulae (69 ,  70) apparent ly  r ep re sen t  a s i n g l e  o b j e c t  
h m 

w i th  a nucleus ( a  = 7 17 . 7 ,  6 = -23'57'). The s p e c t r a l  c l a s s e s  of t h e  o t h e r  

n u c l e i  a r e  unlcnown. Group 71 - 73 has  n u c l e i  of almost equa l  magnitude, and /27 
t h e  nebulae themselves a r e  s i t u a t e d  ve ry  c l o s e  t o  one another  i n  a s i n g l e  cloud. 

It appears  t h a t  t h e  group as a whole i s  t h e  r e s u l t  of p r o j e c t i o n  of i n d i v i d u a l  

clouds. 

The Ophiuchus-Scorpius nebulae  a r e  s i t u a t e d  i n  a l a n e  r a d i a n t .  The 

average d i s r ance  t o  t h e  n u c l e i  of t h e  nebulae  is  150 - 200 parsecs .  The e n t i r e  

group forms t h e  s i n g l e  Sco I1 complex. 

The n u c l e i  a r e  members of  t h e  Cam I - 33 as soc i -  
icc1 =. 3" 25"',0, d l  =: + 5g046/, ED 21191: ~ ~ 2 = 3 ' '  15" ,g, 6 2 =  +58"42', ED 21389). acion 
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The c e n t e r s  of a s s o c i a t i o n s  a r e  i n d i c a t e d  by c ros ses  i n  F igure  15.  

B a s i c a l l y ,  t h e  f e a t u r e s  noted i n  t h e  d i s t r i b u t i o n  of t he  much more numer- 

ous emission nebulae  a r e  repea ted  i n  t h e  d i s t r i b u t i o n  of t h e  r e f l e c t i o n  nebu- 

@ l a e .  Thus, on comparing t h e  d a t a  given i n  F igure  1 5  wi th  t h e  corresponding 

d a t a  of G.A. Shayn and V.F. Gaze [23] ,  which p e r t a i n  t o  a  somewhat narrower 
4 

s t r i p  of t h e  Yrillcy Way, we f i n d  many of t h e  groupings noted above among them. 
I 

i Ln e i t h e r . c a s e ,  w e  observe  a  c e r t a i n  l acuna  i n  t h e  d i s t r i b u t i o n  a t  30 - 55' of 

t h e  I i l k y  Way (Scutum-Aquila reg ion) .  
i 
1 

I There i s  no doubt t h a t  i n  many cases  t h e  emission and r e f l e c t i o n  nebulae  

a r e  p a r t s  of t h e  same h o t - s t a r  p h y s i c a l  grouping. The aggrega te  of s t a r s  and 

nebulae i n  Orion, t h e  poclcets of emission and r e f l e c t i o n  o b j e c t s  w i th in  sma l l  

dark  c louds ,  e t c . ,  can b e  c i t e d  a s  t y p i c a l  examples. S ince  t h e  n a t u r e  of t h e  

luminescence of both complexes i s  determined by t h e  s p e c t r a l  c l a s s e s  of t h e  

s t a r s ,  we may assume a h igh  g a l a c t i c  concent ra t ion  f o r  t h e  emission nebulae .  

Here, however, we a r e  a l r eady  touching upon more profound p r o p e r t i e s  of t h e  

systems - p r o p e r t i e s  governed by t h e i r  o r i g i n ,  t h e i r  r e l a t i o n  t o  t h e  s p i r a l  

s t r u c t u r e ,  a s s o c i a t i o n s  and open c l u s t e r s .  Regarding t h e  l a t t e r ,  i n c i d e n t a l l y ,  

it should be noted  t h a t  t h e  d i f f e r e n c e s  between t h e  complexes a r e  n o t  so  ob- 

v ious :  According t o  c e r t a i n  sou rces ,  approximately 116 - 117 of t h e  emission 

nebulae a r e  a s s o c i a t e d  w i t h  open c l u s t e r s  [24] ,  and i t  appears  t h a t  t h e  same 

p ropor t ion  i s  preserved  f o r  t h e  r e f l e c t i o n  nebulae,  some of which a r e  a s soc i -  

a t ed  both wi th  known c l u s t e r s  and wi th  c l o s e  s t a r  groups. The same type  of 

c o r r e l a t i o n  i s  observed f o r  o t h e r  o b j e c t s  i n  " loca l  groups". The d e v i a t i o n s  

from i t  sometimes have o b v i o u s  explana t ions .  Thus, i n  t h e  most numerok and 

ex tens ive  complex n e a r  Cygnus (2 = 80°,  
11 bll = 0 ° ) ,  which con ta ins  s e v e r a l  

dozen emission o b j e c t s ,  t h e r e  a r e  only t h r e e  r e f l e c t i o n  nebulae. A t  t h e  same 

t ime,  i t  i s  known t h a t  p r e c i s e l y  t h i s  complex i s  d i s t i ngu i shed  by s t r o n g  anoma- 

l i e s  i n  t h e  number and d i s t r i b u t i o n  of ho t  s t a r s  [ 2 3 ] .  

I n  h i s  day, Habbl [15] drew a t t e n t i o n  t o  6he concent ra t ion  of some of t h e  

d i f f u s e  nebulae along t h e  Gould b e l t ,  It i s  known t h a t  t h e  l o c a l  system of 
m 

b r i g h t  (mainly no f a i n t e r  than  5 '5)  B-stars  c l o s e  t o  t h e  Sun i s  a s soc i a t ed  



with  t h i s  e f f e c t .  The nodes of t h e  b e l t  have t h e  coord ina tes  i! = 120' and 
11 

bll = 300° [25], so t h a t  t h e  b r i g h t  B-s ta rs  should b e  s i t u a t e d  south  of t h e  

g a l a c t i c  equator  a long t h e  g a l a c t i c  b e l t  between longi tudes  120 and 300'. Some- 

th ing  s i m i l a r  t o  t h i s  is  r e g i s t e r e d  i n  F igure  15 .  Here, near  2 = 120° ,  w e  
11 /28 

n o t e  one of  t h e  nodes i n d i c a t e d  andasyrnrnetryin t h e  d i s t r i b u t i o n  about: t h e  i" 
equa tor .  However, i t  must be remembered t h a t  t h e r e  a r e  no more than t e n  nebu- 

l a e  a s s o c i a t e d  wi th  b r i g h t  s t a r s  of m < 6. A t  t h e  same time, s e v e r a l  t e n s  of 

f a i n t e r  s t a r s  t e s t i f y  t o  t h e  asymmetry phenomenon. 

F igure  16  shows t h e  d i s t r i b u t i o n  of t h e  number of nebulae over  t h e  appar- 

e n t   magnitude,^ of t h e i r  n u c l e i .  A s  we s e e ,  t h e  his togram has two c h a r a c t e r i s -  

t i c  maxima. F igure  1 6  s imultaneously confirms t h a t  t h e r e  a r e  few b r i g h t  s t a r s  

down t o  m < 7 i n c l u s i v e .  However, i t  fo l lows  from many s t u d i e s  based on hun- 

dreds  of B s t a r s  t h a t  a l l  t r a c e s  of t h e  l o c a l  system and perhaps even of t h e  

Gould b e l t  have disappeared even f o r  m = 7. However, our  much l e s s  numerous 

d a t a  permit  ( o r ,  i n  any event ,  do n o t  c o n t r a d i c t )  i n t e r p r e t a t i o n  of t h e  fea-  

t u r e s  of F igure  1 5  on t h e  b a s i s  of a r e l a t i o n  t o  t h e  l o c a l  system. The poss i -  

b l y  c l e a r e r  i n d i c a t i o n  of t h e  l o c a l  system by t h e  r e f l e c t i o n  nebulae i s  ex- 

p l a ined  by t h e  f a c t  t h a t  i t  inc ludes  both B stars and dark clouds.  There a r e  

r e f e rences  t o  c o r r e l a t i o n  between B8-B9 stars b r i g h t e r  than magnitude 6.5 

(bll < 50°,  r < 200 pa r secs )  and dus t  c louds  [ 2 6 ]  and t o  t h e  absence of any 1 
i 

d i s c e r n i b l e  connect ion wi th  dense hydrogen clouds i n  t h e  case  of f a i n t  B s t a r s  
i 

f 
[ 27 ] .  The l a s t - c i t e d  s tudy  was based on a  comparat ively modest volume of mat- 

b 
l 

e r i a l  and t h e  au tho r  r ega rds  i t  as pre l iminary .  It appears  t o  us  t h a t  t h e  

a v a i l a b l e  d a t a  a r e  i n s u f f i c i e n t  t o  exp la in  t h e  gene ra l  f e a t u r e s  of t h e  

re f lec t ion-nebula  d i s t r i b u t i o n  i n  connect ion wi th  t h e  s t r u c t u r e  of t h e  Galaxy. /29 

It fo l lows  from Figures  1 5  and 17 t h a t  t h e  apparent  concen t r a t ion  of t h e  

nebulae along t h e  Gould b e l t  i s  due c h i e f l y  t o  t h e  complexes of o b j e c t s  i n  

Orion and Scorpius.  Both a r e  extremely young formations,  and t h e i r  i n c l u s i o n  

i n t o  t h e  l o c a l  system should be governed by it's evolu t ion  and r e l a t i o n  t o  t h e  

s p i r a l  s t r u c t u r e ,  s i n c e  t h e  aggregate  of stars' i n  Orion apparent ly  r e p r e s e n t s  

the n e a r e s t  p a r t  of t h e  "Orion arm" [28] ,  e t c .  Unfor tuna te ly ,  most of t h e  

s t e l l a r - a s t rono in i ca l  and dynamic p r o p e r t i e s  of t h e  l o c a l  system have no t  y e t  



I been thoroughly s tud ied .  Nor 

.' may we omir menrion of another  

p o s s i b l e  i n t e r p r e t a t i o n  of t h e  

phenomenon d iscussed  here .  On 

t h e  b a s i s  of s tudy  of p o l a r i -  

m e t r i c  d a t a  f o r  s t a r s  s t u d i e d ,  

on t h e  average ,  a t  d i s t a n c e s  
4 s  6 7 8 9 i o i f  12 1 3 i 4 m  

no g r e a t e r  than  1,000 pa r secs  
F igure  1 6  from t h e  Sun, G.A. Shayn in -  

f e r r e d  t h e  e x i s t e n c e  of a  l o c a l  

. . condensat ion of e a r l y  s t a r s  and 

A M  i . dus t  and gaseous ma t t e r  t h a t  

appears  t o  be  d i f f e r e n t  from 

t h e  Gould b e l t ,  i. e.  , from t h e  

l o c a l  system of b r i g h t  B s t a r s .  

G.A. Shayn inc ludes  t h e  gas  and 

dus t  complexes i n  Scorpius , 
. 6_ S a g i t t a r i u s ,  Taurus,  'and Orion 

-28'-2C-&'O'-(~' -{Z* -8' - 4 ' ,  4 4' 8' /,42* 16. 20' 24' 
i n  t h e  l o c a l  condensations 

F igure  1 7  
129 I 

It i s  d i f f i c u l t  a t  t h i s  t i m e  t o  choose between t h e s e  two p o s s i b i l i t i e s  

and inc lude  a l l  r e f l e c t i o n  nebulae  o r  some of them i n  one of t h e  above systems. 

Returning t o  F igu re  16 ,  we can exp la in  t h e  appearance of t h e  f i r s t  maxi- 

mum i n  t h e  nebula d i s t r i b u t i o n  by a t t r i b u t i n g  i t  e n t i r e l y  t o  t h e  complex of 

nebulae i n  t h e  Orion reg ion .  The second maximum wi th  t h e  mode m = 10 should 

b e  a t t r i b u t e d  t o  o b j e c t s  t h a t  a r e  a s soc i a t ed  approximately uniformly wi th  t h e  

g a l a c t i c  equator .  

F igure  1 8  shows t h e  d i s t r i b u t i o n  of t h e  nebulae among t h e  s p e c t r a l  c l a s s -  

e s .  I t  must be noted t h a t  t h e s e  d a t a  a r e  known only  f o r  80-odd o b j e c t s ,  which 

a r e  u s u a l l y  no f a i n t e r  t han  the  10 th  o r  11 th  magnitude. Some of t h e  s p e c t r a  

have bee2 c l a s s i f i e d  from photographs made wi th  a  6-degree o b j e c t i v e  pr ism by 

Yu. I .  Glushkov and one of t h e  au thors .  
3 5 



Figure  1 8  

Thus, we have reason t o  assume a s  an average c h a r a c t e r i s t i c  f o r  t h e  popu- 

l a t i o n  of r e f l ec t ion -nebu la  n u c l e i  

S p B 7  V , B = g m ,  r = 5 0 0 p a r  s e c ,  

m m 
i f  we t ake  M = -0 .5  according t o  [30] and an abso rp t ion  Apg % 2 per  k i l o -  

v  - 
parsec .  These d a t a  probably c h a r a c t e r i z e  q u i t e  c l o s e l y  no fewer than  h a l f  of  

t h e  n u c l e i  i n  our  Catalogue. 

Re f l ec t ion  Nebulae and Absorbing Clouds. 

The apparent  d i s t r i b u t i o n  p a t t e r n  of dark clouds i n  t he  Milky Way b e l t  i s  

shown i n  F igure  15  a f t e r  Lynds. Lynds drew i t  up on t h e  b a s i s  of a  s tudy  of 

da rk  clouds on i n d i v i d u a l  "two-color" reproduct ions  of t h e  Palomar A t l a s .  We 

made r e fe rence  above t o  p o s s i b l e  i naccu rac i e s  and s i m p l e e r r o r s i n  drawing t h e  

contours  of t h e  clouds and e s t ima t ing  t h e i r  d e n s i t i e s ,  e s p e c i a l l y  i n  such 

extremely complex and confused cloud systems a s  a r e  observed i n  t h e  S a g i t t a r -  

i u s  reg ion .  Never the less  t h e  p a t t e r n  i s ,  on t h e  whole, n o t  l ack ing  i n  ob jec t -  

i v e  content .  Even b e f o r e  Lynds, Khavtasi [31] made a  s i m i l a r  i n v e s t i g a t i o n  

us ing  t h e  Ross-Calvert and Barnard At l a ses .  There are s t i l l  e a r l i e r  s t u d i e s  

of s p e c i f i c  reg ions  of t h e  Milky Way t h a t  pursued t h e  same b a s i c  o b j e c t i v e s .  

On t h e  whole, t h e  au tho r s  a r r i v e  a t  s i m i l a r  apparent  d i s t r i b u t i o n  p a t t e r n s  
- 

and s i m i l a r  gene ra l  o u t l i n e s  f o r  t h e  dark clouds on t h e  b a s i s  of t h e i r  
-. 



d i f f e r i n g  methods and sou rces .  There a r e ,  of course,  i n e v i t a b l e  d i sc repanc ie s  

i n  t h e  i n t e r p r e t a t i o n  of t h e  complex cloud systems and f i n e  d e t a i l s ,  but  t h e s e  

a r e  not  c r u c i a l  t o  ou r  problem. It must be  noted t h a t  t h e  reproduct ions  from 

t h e  Palomar At l a s  have many advantages over  t h e  o t h e r  sou rces ,  so t h a t  t h e  

d a t a  of Lynds probably c a r r y  g r e a t e r  weight .  Our F igure  1 5  does no t  inc lude  

numerous small  c louds r e f e r r e d  t o  i n  t h e  Lynds ca ta logue .  This  drawing i s  of 

i n t e r e s t  p r imar i ly  from t h e  s t andpo in t  of t h e  apparent  gene ra l  r e l a t i o n s h i p  be- 

tween t h e  complex of nebulae  and t h e  complex of c louds.  The c l o s e  s i m i l a r i t y  

i n  t h e  d i s t r i b u t i o n s  of t h e  two complexes about t h e  g a l a c t i c  equator  i s  es tab-  

l i s h e d  beyond a  doubt,  s i n c e  both show nor th  and south asymmetry and a  "node" 

i n  t h e  reg ion  of Z = 120 - 160'. The s i m i l a r i t y  becomes c l e a r e r  i f  we com- 
11 

p a r e  t h e  d i s t r i b u t i o n  of t h e  "cen te r s  of mass" o r  d e n s i t i e s  of t h e  clouds w i t h  

t h e  d i s t r i b u t i o n  of t h e  c e n t r o i d s  of nebula groups ob ta ined  by averaging t h e i r  

coo rd ina t e s  i n  each l0-degree long i tude  i n t e r v a l .  

I n  F igure  19 ,  t h e  p o s i t i o n s  of t h e  former a r e  i n d i c a t e d  by c ros ses  a f t e r  

Lynds. The c i r c l e  i n d i c a t e  t h e  p o s i t i o n s  of nebula cen t ro ids .  We s e e  t h a t  

a f t e r  such averaging,  che p a t t e r n  enables  u s  t o  d i v i d e  t h e  e n t i r e  complex of 

c louds and nebulae i n t o  two major groups s i t u a t e d  on d i f f e r e n t  s i d e s  of t h e  

equa to r  and merging i n t o  one another  n e a r  1 = 150'. The asymmetry i n  t h e  
11 

dark-cloud d i s t r i b u t i o n ,  which has been confirmed by r a d i o  observa t ions  [32] ,  

i s  usua l ly  a sc r ibed  t o  concen t r a t ion  of p a r t  of t h e  absorbing ma t t e r  i n  t h e  

Gould b e l t ,  of which we spoke above. It appears  t o  us t h a t  t h i s  ques t ion  is 

no t  y e t  d e f i n i t e l y  reso lved ,  s i n c e  o b j e c t s  t h a t  belong t o  t h e  s p i r a l  arms, 

s p e c i f i c  accumulations of gas  and dus t  a t  h ighe r  g a l a c t i c  l a t i t u d e s  [33] ,  e t c . ,  , 

p a r t i c i p a t e  i n  t h e  asymmetry phenomenon. A t  t h e  same t ime , i t  i s  i n t e r e s t i n g  

t h a t  very  broad nebulae  of very  low s u r f a c e  b r igh tnes s  can apparent ly  be assoc-  

i a t e d  wi th  B5-B8 s t a r s  no f a i n t e r  than  t h e  s i x t h  magnitude. More than  a  s c o r e  

of t h e s e  o b j e c t s  can b e  i n d e n t i f i e d  on the  h igh-cont ras t  reproduct ions  of t h e  

Palomar At l a s .  They a r e  u sua l ly  f a i n t ,  r a t h e r  broad a rches  o r  s h e l l s  extending 

ove r  2 - 3" and, a s  a  r u l e ,  observed i n  t h e  v i c i n i t y  of groupings of s e v e r a l  . 

gene ra l ly  b r i g h t  s t a r s  of t h e  l a t e r  B c l a s se s .  On our  summary c h a r t  (F igure  t 
1 

1 5 ) ,  t h e  c e n t e r  p o s i t i o n s  of t h e s e  nebulae a r e  i n d i c a t e d  by squares .  ! 
i 





We s e e  t h a t ,  un l ike  most o rd ina ry  r e f l e c t i o n  nebulae,  & 
t hey  a r e  a l l  concent ra ted  a t  a  cons iderable  d i s t ance  

from t h e  equator .  This  can be  expla ined  by t h e i r  

nearness  t o  t h e  Sun and by t h e  l e s s  f avo rab le  v i s i -  

b i l i t y  condi t ions  a t  low l a t i t u d e s ,  where these  

f a i n t  o b j e c t s  a r e  p ro j ec t ed  a g a i n s t  t h e  b r i g h t e r  

background of t h e  Milky Way. I n t e r e s t i n g  f e a t u r e s  

B Emission nebulae of t h e s e  nebulae  a r e  t h e i r  almost i d e n t i c a l  b r igh t -  

@ Ref l ec t ion  nebulae n e s s e s  on t h e  0- and E-reproductions of t h e  a t l a s  

and t h e  f a c t  t h a t  i t  i s  imposs ib le  i n  most ca ses  t o  

F igure  20 a s s o c i a t e  them wi th  clouds of absorbing mat te r .  

The o r i g i n  of t h e s e  o b j e c t s  i s  n o t  y e t  e n t i r e l y  c l e a r ;  s p e c i f i c a l l y ,  t h e  

r o l e  of hydrogen emission i n  t h e i r  s p e c t r a  is unknown, s i n c e  t h e  nebulae o f t e n  

l i e  o u t s i d e  the  Stromgren zone corresponding t o  t h e  s p e c t r a l  c l a s s e s  of t h e  

neighboring s t a r s .  It i s  p o s s i b l e  t h a t  t h e s e  nebulae r ep re sen t  former H I1 

regions  now i n  a  s t a t e  of de-exc i ta t ion .  Whatever t h e  case ,  t h i s  group of 

nebulae  is  i n t e r e s t i n g  and deserves  a s p e c i a l  s tudy .  

Returning t o  o u r  d i scuss ion  of F igure  15,  we may neve r the l e s s  a f f i r m  t h a t ,  

on t h e  whole, t h e r e  is  no p r e f e r e n t i a l  r e l a t i o n s h i p  between t h e  r e f l e c t i o n  

nebulae  and t h e  very  broad absorbing reg ions  of t h e  Milky Way according t o  t h e  

l a r g e - s c a l e  d e t a i l s  of t h e  drawing. Thus, t h e r e  a r e  r e l a t i v e l y  few of them i n  

t h e  S a g i t t a r i u s  reg ion ,  which i s  crossed  by numerous dark  clouds t h a t  a r e  prob- 

ab ly  c l o s e  toge ther .  I n  gene ra l ,  t h e  p a t t e r n  may b e  cha rac t e r i zed  a s  fol lows.  

Somewhat l e s s  than h a l f  of a l l  t h e  nebulae a r e  concent ra ted  i n  t h e  l a r g e  clouds 

and complexes of l a r g e  clouds,  which, i n c i d e n t a l l y ,  occupy about 113 of t h e  sky  

a r e a  (F igure  15 ) .  A t  t h e  same t ime,  whole groups of nebulae exper ience  a t t r a c -  

t i o n  t o  p r e c i s e l y  t h e s e  broad clouds i n  a  number of cases .  We inc lude  among 

t h e s e  t h e  nebulae of t h e  Scorpius-Ophiuchus, Taurus,  and, f i n a l l y ,  t h e  Orion 

groups,  where t h e i r  r e l a t i o n  t o  t h e  clouds of i n t e r s t e l l a r  ma t t e r  i s  regarded 

a s  g e n e t i c  on t h e  b a s i s  of contemporary da t a .  



The coiimon f e a t u r e s  noted i n  t h e  d i s t r i b u t i o n s  of t h e  dark  clouds and 

t h e i r  nearby r e f l e c t i o n  and emission nebulae i n  t h e  reg ion  of Z l l  = 165" and -- 
bll = -10" i s  i n t e r e s t i n g  and perhaps no acc iden t .  This  is  represented  separ-  

a t e l y  on Figure  20;  he re ,  t h e  p o i n t s  r ep re sen t  r e f l e c t i o n  o b j e c t s  and t h e  

square  emission o b j e c t s  (according t o  Shayn and Gaze). 

Using t h e  r e s u l t s  of more d e t a i l e d  s tudy  of t h e  r e l a t i o n  between t h e  ind i -  

v idua l ' nebu lae  and t h e  s t r u c t u r e  of t h e  absorbing ma t t e r  v i s i b l e  i n  t h e i r  vic-  

i n i t y  ( s e e  F igures  3 - l o ) ,  we may draw t h e  fo l lowing  conclusions:  i n  no 

fewer than  80% of ca ses ,  t h e  r e f l e c t i o n  nebulae  a r e  v i s i b l e  w i t h i n  sha rp ly  

o u t l i n e d ,  i s o l a t e d  dark  clouds.  It might b e  thought t h a t  we a r e  observing,  i n  

most ca ses ,  a  q u i t e  s p a t i a l  and not  an apparent  "op t i ca l "  connect ion between 

t h e  r e f l e c t i o n  nebula,  o r  more p r e c i s e l y ,  i t s  nucleus ,  and t h e  corresponding 

dark  cloud,  p a r t  of which i s  i l l umina ted  by t h e  nuc leus .  Th i s  s ta tement  is  

based p r i m a r i l y  on c e r t a i n  s t ruc tura l -morphologica l  p r o p e r t i e s  of t h e  o b j e c t s  

s t u d i e d  a s  seen  d i r e c t l y  on photographs. The most s i g n f i c a n t  of  t h e s e  proper- 

- + 

(1) t i e s  w i l l  b e  of i n t e r e s t ' ' ( ~ i g u r e s  3 7 10)  . 

1. Over a  c e r t a i n  d i s t a n c e ,  t he  boundaries  of t h e  absorbing cloud coin- 

c i d e  almost e x a c t l y  [wi th]  o r  conform t o  t h e  apparent  boundary of  t h e  r e f l e c -  

t i o n  nebula.  A t y p i c a l  case  is  t h e  nebula  around t h e  s t a r  v S c o r p i i  

(Catalogue Nos. 75 and 107) .  Sometimes t h e  cloud boundary co inc ides  w i th  a  

f a i n t  l u m i n ~ u s  i o n i z a t i o n  f r o n t  ("rim"), n e a r  which t h e  r e f l e c t i n g  nebula i s  

s i t u a t e d  (Catalogue No. 16) .  . 

2 .  The nuc leus ,  t oge the r  wi th  t h e  nebula  surrounding i t ,  l i e s  next  t o  a  

very  dense dark  condensation of t h e  g lobu le  type.  A h ighly  c h a r a c t e r i s t i c  ex- 

ample is  Catalogue No. 20. Often,  t h i s  e n t i r e  system is ,  i n  t u r n ,  s i t u a t e d  i n  

t h e  denses t  p a r t  of t h e  cloud. I n  gene ra l ,  r e l a t i o n  t o  g lobu la r  i n c l u s i o n s  is  

a  q u i t e  common phenomenon among t h e  nebulae  of small  angular  diameter.  Th i s  

same type  of r e l a t i o n s h i p  with ' c l o u d s - . i s  c h a r a c t e r i s t i c  f o r  nebulae  t h a t  a r e  

d iv ided  i n t o  two p a r t s  by a  dense, dark b r idge .  

I 
( " ~ h c  Catalogue numbers of t h e  nebulae a r e  given i n  t h e  c i r c l e s  i n  t h e  

u p p e r  r i g h t  cornars .  
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almost a1t~dys i n  t h e  densest  round expanded p a r t .  The o r i g i n  of t h e  l a n e  o r  

l a n e s  opens ou t  i n t o  a  complex system of branches o r  g radua l ly  f a d e s  ou t .  

The known l a r g e  nebulae around p ~ ~ h i u c h i ' ~ )  ,v S c o r p i i ,  and o t h e r s  

l i e  i n  lane j unc t ions .  A similar case  can be  seen i n  t h e  s t r u c t u r e  of t h e  i 
clouds sou th  of  t h e  f i l amen ta ry  nebula I C  1287 (No. 92) ,  and c e r t a i n  o t h e r s .  

S i n g l e  l a n e s  w i th  "bl ind"termina1s con ta in ing  one nebula  o r  even a  

group a r e  more c h a r a c t e r i s t i c .  We observe t h i s  i n  t h e  fo l lowing  o b j e c t s :  

NGC 7023 (Catalogue No. 105) ,  I C  5146 (Catalogue No. 114) ,  Ced 201 (Catalogue 

No. 117) , and t h e  Anonymous Nebula (Catalogue No. 118) .  

Nos. 20, 25, 47, 58, 64, and o t h e r s  a r e  l e s s  c h a r a c t e r i s t i c .  They 

inc lude  nebulae  s i t u a t e d  i n  branches o r  "capes" o r  dark  clouds. 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  c e r t a i n  l a n e s  e x h i b i t  v i s i b l e  l u m i -  

nescence ove r  a cons iderable  l eng th .  The causes of t h i s  phenomenon and t h e  

probable  sou rces  a r e  n o t  q u i t e  c l e a r  t o  us .  Sometimes t h e  luminescence i s  more L s 
i n t e n s e  i n  r ed  l i g h t ,  i nc lud ing  an  H l i n e .  We cannot exclude t h e  p o s s i b i l i t y  a 

( 3 )  t h a t  such l a n e s  a r e  H I1 regions  i n  de-exc i ta t ion ,  of which we spoke e a r l i e r  . 

4 . , ,  Approximately one-quarter  of t h e  o b j e c t s  i n  ou r  ca ta logue  a r e  nebulae 

seen i n  a  r eg ion  of c losed  clouds whose boundaries  can b e  t r a c e d  out  q u i t e  re-  

l i a b l y .  F igure  2 1  g ives  a  comparison of t h e  magnitudes of t h e  nebular  n u c l e i  
L 

with  t h e  a r e a s  of t h e  clouds ( i n  squa re  m i n ~ t e s  of a r c )  i n  which they  a r e  s i t u -  .: 
a ted .  A s  we see ,  t h e  r e l a t i o n s h i p  reduces t o  a  c e r t a i n  s c a t t e r i n g  f i e l d  of  t h e  i 
po in t s  with i t s  cen te r  n e a r  m = 9 and S = 500 square  minutes.  Assuming, a s  be- 

fo re ,  an average d i s t a n c e  of 500 pa r secs  t o  t h e  nebulae, we o b t a i n  an e s t ima te  

(2)According t o  P.N. Kholopov, t h i s  s t a r  i s  t h e  c e n t e r  of a T a s s o c i a t i o n  
[211. 

( 3 ) ~ h e  gene ra l  r ad i a r ion  f i e l d  of t h e  s t a r s  of t h e  Galaxy may a l s o  be a  
source of luminescence. 



m !  6 of 3.5 pa r secs  f o r  t h e  average cloud diameter .  This  
d <  1 

r e s u l t  i s  somewhat on t h e  low s i d e  a s  a  r e s u l t  of s e l -  

l* - io  * ec t ion .  According t o  r a d i o  obse rva t ions ,  t h e  average 
I%,* * @  1 d4. dimension i s  of t h e  o r d e r  of 1 0  parsecs  [ 3 3 ] .  However, 
I 0 

' 1 * t h e  same average dimension has r e c e n t l y  been obta ined  

1 from t h e  c o l o r  excess  of 4700 s t a r s  [34] .  I n  c e r t a i n  
L 
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cases ,  t h i s  e s t i m a t e  can s e r v e  a s  a  rough c r i t e r i o n  

F igure  2 1  f o r  judgements a s  t o  t h e  r e a l i t y  of phys i ca l  r e l a t i o n -  

s h i p s  between r e f l e c t i o n  nebulae and t h e i r  c louds.  One 

of t h e  p o i n t s  i n  F igure  21 (which corresponds t o  a  14th-magnitude nuc leus)  i s  a /34 
good example; i t s  p o s i t i o n  dev ia t e s  widely from t h o s e  of t h e  o t h e r  po in t s .  The 

p o s s i b i l i t y  i s  not  excluded t h a t  t h i s  nebula  i s  merely an "op t i ca l "  companion 

of t h e  corresponding cloud.  Such cases  a r e ,  however, q u i t e  i n f r equen t .  I n  

gene ra l ,  t h e  maximum d i s t a n c e  a t  which a  nuc leus  can i l l u m i n a t e  a  given cloud 

depends n o t  on ly  on t h e  luminos i ty  of t h e  nuc leus ,  b u t  a l s o  t o  a s u b s t a n t i a l  

degree on t h e  shape of t h e  d u s t - p a r t i c l e  s c a t t e r i n g  i n d i c a t r i x .  

I n  p r i n c i p l e ,  r e f l e c t i o n  nebulae i n  t h e  form of f a i n t  au rep le s  might b e  

observed around c e r t a i n  superg ian t  s t a r s  a t  d i s t a n c e s  of 100 - 200 pa r secs  be- 

h ind  absorbing clouds.  However, t h e  average s i z e  of t h e  dus t  p a r t i c l e s  i n  

such clouds would have t o  be cons iderably  l a r g e r  than  would fo l low from t h e  

obse rva t iona l  d a t a ,  and e s p e c i a l l y  from t h e  p o l a r i m e t r i c  p r o p e r t i e s  of t h e  re-  

f l e c t i o n  nebulae. The p a r t i a l  p o l a r i z a t i o n  observed i n  them, which i s  u s u a l l y  

r a d i a l  w i t h  r e s p e c t  t o  t h e  nuc leus ,  i n d i c a t e s  a  s p a r i a l  r e l a t i o n s h i p  between 

t h e  nucleus and t h e  d u s t  medium of t h e  clouds.  However, t h e  d e c i s i v e  argument, 

i n  f avo r  of t h i s  p r o p o s i t i o n  is, of course ,  t h e  previous ly  noted f a c t  t h a t  t h e  

overwhelming ma jo r i t y  of nebulae a r e  l o c a t e d  w i t h i n  t h e  d e f i n i t e  boundaries  of  

t h e  dark clouds i d e n t i f i e d  wi th  them on photographs. I n  t h i s  contex t ,  w e  can 

s e e  t h e  fo l lowing  d a t a  t h a t  c h a r a c t e r i z e  t h e  observed phenomena. 



SITUATION OF NEBULAE NUMBER OF NEBULAE 

ldi thin cloud 

On boundary of cloud 

Within l a n e  3 

On "edge" of l a n e  1 2  

A t  end of l a n e  1 5  

No apparent  r e l a t i o n  wi th  
absorbing medium 2 2 

These d a t a  can b e  obta ined  d i r e c t l y  from t h e  ske t ches  (F igures  3  - 10) 

t h a t  accompany t h e  ca ta logue .  They do no t  imply t h a t  ca ses  i n  which s e v e r a l  

(up t o  t en )  r e f l e c t i o n  nebulae  can b e  counted i n  a s i n g l e  cloud a r e  i n f r equen t .  

The p i c t u r e  would b e  s u b s t a n t i a l l y  d i f f e r e n t  i n  t h e  absence of a p h y s i c a l  r e l a -  

t i o n  between t h e  o b j e c t s .  For example, "empty" clouds wi th  groups of nebulae  

u n r e l a t e d  t o  absorbing m a t e r i a l  beyond t h e i r  boundaries  would b e  observed. 

Ce r t a in  s t u d i e s  r e f e r  t o  h i g h e r  concent ra t ions  of weak v a r i a b l e  and emis- 

s i o n  s t a r s  toward t h e  margins of dense dark  clouds [ 3 5 ] .  A s  we s e e  from t h e  

f i g u r e s  (F igures  3  - l o ) ,  something s i m i l a r  can b e  d iscerned  among t h e  r e f l e c -  

t i o n  nebulae.  However, t h i s  t r e n d  s t i l l  does n o t  appear  q u i t e  d i s t i n c t .  An 

a t tempt  was made t o  v e r i f y  t h e  r e a l i t y  of t h i s  phenomenon from 20 more o r  l e s s  

round i s o l a t e d  clouds t h a t  con ta in  about 60 nebulae. The r e s u l t  i s  r ep re sen ted  

i n  g r a p h i c a l  form (Figure  22).  The d i s t a n c e  ( p )  of t h e  nebula from t h e  c e n t e r  

of g r a v i t y  of t h e  cloud, expressed as a f r a c t i o n  of t h e  r ad ius  of t h e  c i r c l e  

having t h e  same s i z e  as t h e  cloud,  was p l o t t e d  a g a i n s t  t h e  h o r i z o n t a l  a x i s ,  and 

t h e  number (n) of nebulae corresponding t o  t h e s e  d i s t a n c e s  aga ins t  t h e  v e r t i c a l  

a x i s .  We s e e  t h a t  i n  genera l ,  n and p a r e  l i n e a r l y  r e l a t e d ;  t h i s  would r a t h e r  & 
t end  t o  i n d i c a t e  a c c i d e n t a l  p o s i t i o n i n g  of t h e  nebulae  w i t h i n  t h e  clouds.  Need- 

l e s s  t o  say,  such s t a t i s t i c a l  f i g u r i n g  i s  n o t  a p p l i c a b l e  f o r  l ane - l i ke  c louds  

and c louds  wi th  "capes", where cases  of d i s t i n c t  concent ra t ion  of t h e  nebulae  

toward t h e  boundaries  a r e  observed a t  once. 



I 

5. We touched above upon t h e  ques t ion  of l o c a l  ,' 
a,/ 

.- * .-,- groups i n t o  which t h e  complex of r e f l e c t i o n  nebulae can 
/' * 

a /  . s e  be decomposed. Rere we had i n  mind t h e  l a rge - sca l e  
/ 

/ s 
f e a t u r e s  of t h e  apparent  d i s t r i b u t i o n  of t h e  nebulae  i n  

/ 
t h e  Milky Way. There a r e  few such groupings, and i t  

% .  may b e  t h a t  no t  a l l  of  them a r e  genuinely r e a l ,  i .e . ,  

c o n s i s t  of s p a t i a l l y  r e l a t e d  o b j e c t s .  

F igure  22 
A t  t h e  same t ime,  t h e  tendency toward forma- 

t i o n  of va r ious  types  of groupings i s  indeed found t o  
3 

be more common among r e f l e c t i o n  nebulae.  This  conclusion can be  a r r i v e d  a t  a s  
! 

I a r e s u l t  of more d e t a i l e d  s tudy of o b j e c t s  p r e s e n t  on t h e  same a r e a s  of t h e  sky ' 
I 
1 
I t h a t  a r e  occupied by r e f l e c t i o n  and, l e s s  f r e q u e n t l y ,  emission nebulae.  A sur -  

vey of  our  photographs and t h e  Palomar A t l a s  reproduct ions  (here ,  c e r t a i n  de- 

1 t a i l s  a r e  o f t e n  masked by t h e  excess ive  emphasis on c o n t r a s t )  enabled us  t o  
# i d e n t i f y  about 30 cases  i n  which such a  tendency appears  i n  one way o r  another .  
i 

1 We d id  n o t  i n c l u d e  a  number of o b j e c t s  i n  t h e  Orion reg ion  among them, s i n c e  

, , t hey  d e f i n i t e l y  belong t o  known phys i ca l  groupings. It should be noted t h a t  
I ; t h e  groupings s i n g l e d  ou t  can be  i d e n t i f i e d  wi th  known open c l u s t e r s  i n  only  

t h r e e  o r  Eour cases .  The P le i ades  group of r e f l e c t i o n  nebulae must, of course ,  

be included here .  

The phenomena observed i n  t h e  30 cases  noted  can b e  reduced t o  two b a s i c  

types:  

i 

(a )  t h e  r e f l e c t i n g  nebula i s  d i s t i n c t l y  u n i t e d  wi th  a  s t a r  c l u s t e r ;  

(b)  t h e  r e f l e c t i n g  nebula i s  seen t o g e t h e r  wi th  a c l o s e  group of 

minute nebulae  ( o f t e n  wi th  a  C 4- E spectrum). 

The d i s t i n c t i o n s  between t h e s e  two types  a r e  a t  t imes  a r b i t r a r y ,  a s  when 

a  complex nebula i s  i l l umina ted  by a  group of n u c l e i  t h a t  compose a  c l u s t e r  o r  

when t h e  n u c l e i  themselves (no fewer than  fou r )  form a c l o s e  grouping. 



A t  t h i s  t ime,  we do not  y e t  have sys temat ic  d a t a  on t h e  p r o p e r t i e s  of t h e  

"populat ion" making up a l l  t h e  groupings;  n e v e r t h e l e s s ,  r e f e rences  t o  r e l a t i o n -  

s h i p s  between s p e c i f i c  r e f l e c t i o n  nebulae and va r ious  types  of p e c u l i a r  s t a r s  

can be found i n  c e r t a i n  sources .  For example, about twenty f l a r e  s t a r s  have 

been found i n  t h e  v i c i n i t y  of t h e  nebula  NGC 7023 (Catalogue No. 105) [17] ,  

and t h e  nebula NGC 2068 (Catalogue No. 42) ,  which e x h i b i t s  many "anomalous" 

f e a t u r e s ,  has  no fewer than  t e n  "companions" i n  t h e  form of Herbig-Aroult ob- 

j e c t s  [36] .  i 

The Anonymous Nebula (Catalogue No. 114) is  a t y p i c a l  r e f l e c t i o n  nebula 

s i t u a t e d  i n  t h e  neighborhood of t h e  known emission nebula I C  5146 (which is ,  /36 
s t r i c t l y  speaking,  a  nebula  w i th  a  composite type  C + E spectrum). There a r e  

s e v e r a l  dozen Herbig-Aroult o b j e c t s  around i t  [37] .  Th i s  e n t i r e  system l i e s  

a t  t h e  end of a  "blind" lane .  

NGC 1333 (Catalogue No. 12)  i s  a t y p i c a l  r e f l e c t i o n  nebula i l l umina ted  by 

two n u c l e i ;  a cha in  of minute emission condensat ions appears  i n  t h e  v i c i n i t y .  
8 

According t o  M.V. Dolidze, t h e r e  is one s t a r  w i th  emission among t h e  o b j e c t s  
I 

v i s i b l e  i n  t h e  neighborhood of t h i s  nebula [ 8 ] .  According t o  t h e  same au tho r ,  

i emission s t a r s  a r e  observed i n  t h e  v i c i n i t i e s  of s e v e r a l  o t h e r  r e f l e c t i o n  nebu- 
1 
1 l a e  o r  C f E o b j e c t s .  It i s  a p p r o p r i a t e  t o  n o t e  t h a t  s e v e r a l  dozen f l a r e  s t a r s  
3 a r e  members of t h e  c l u s t e r s  i n  t h e  P le i ades  [38].  According t o  pre l iminary  3 

d a t a ,  a t  l e a s t  h a l f  of t h e  30 groupings noted above may be  r e l a t e d  t o  va r ious  

nons t a t iona ry  ob jec t s .  It should b e  remarked i n  pass ing  t h a t  v a r i a b l e s  can b e  

i d e n t i f i e d  i n  t h e  same clouds t h a t  a r e  tenanted  by 57 nebulae  of t h e  Catalogue. 

They con ta in  a  grand t o t a l  of about a  hundred v a r i a b l e s  [39] ,  many of which a r e  

of  t h e  RWn type.  The a t t r a c t i o n  of s t a r s  of t h i s  type  t o  dark  clouds is w e l l  

known and can, of course,  be regarded a s  a  phenomenon t h a t  is t o t a l l y  independ- 

e n t  of t h e  complex of r e f l e c t i o n  nebulae. D i s t i n c t  groupings of nons ta t ionary  

o b j e c t s  r ep re sen t  an except ion  t h a t  we s h a l l  d i s c u s s  below. 

The n u c l e i  of c e r t a t n  refl-kction and C -t E n k b h a e  a l s o  & h i b i t  v a r i a b i l -  

i cy .  T'ne most c h a r a c t e r i s t i c  o b j e c t s  a r e  t h e  fol lowing:  
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Ref l ec t ion  Nebulae and t h e  Rela t ion  Between S t a r s  and Absorbing 

Mat te r .  

The ques t ion  a s  t o  t h e  n a t u r e  of r e f l e c t i o n  nebulae  w a s ,  a s  we know, f i r s t  

TYPE 
P 

I considered by V.A. Ambartsumyan and Sh. G. Gordeladze [ 4 0 ] .  S t a t i s t i c a l  anal-  
I 

i y s i s  of observa t iona  d a t a  enabled t h e s e  au tho r s  t o  conclude t h a t  t h e s e  o b j e c t s  

a r i s e  a s  a  r e s u l t  of random a s s o c i a t i o n  of s t a r s  of a  s u i t a b l e  s p e c t r a l  c l a s s  

w i th  dark  clouds. S t r i c t l y  speaking, V.A. Ambartsumyan's i n v e s t i g a t i o n  was 

concerned wi th  s o l u t i o n  of a more gene ra l  problem - whether t h e  a s s o c i a t i o n  

of s t a r s  wi th  absorbing ma t t e r  of our  Galaxy i s  a c c i d e n t a l  o r  no t .  Re f l ec t ion  
i 

1 nebulae can be regarded a s  a s i d e  e f f e c t ,  a s  a  k ind  of i n d i c a t o r  t o  t h e  number 
J 

i of. observed cases  of a s s o c i a t i o n .  More than  two decades have passed s i n c e  pub- 

l i c a t i o n  of t h e s e  r e sea rches ,  and dur ing  t h i s  t ime t h e  obse rva t iona l  d a t a  i n  

t h i s  f i e l d  have n a t u r a l l y  been supplemented and expanded. But does t h i s  imply 

t h a t  e a r l i e r  no t ions  as t o  t h e  n a t u r e  of t h e  r e l a t i o n  between t h e  s t a r s  and t h e  

I i n t e r s t e l l a r  medium must be  r a d i c a l l y  r ev i sed?  A d i scuss ion  of t h i s  problem, 

tl 
i 

which is  r e l a t e d  i n  one way o r  another  t o  t h e  e v o l u t i o n  of t h e  s t a r s  and t h e  

1 i n t e r s t e l l a r  medium, would b e  f a r  beyond t h e  scope of o u r  problem. Indeed, 
I 

p r e s e n t l y  a v a i l a b l e  d a t a  would hard ly  permit u s  t o  advance any gene ra l ly  accept-  
1 
1 a b l e  concept ion i n  t h i s  a r e a .  

It w i l l  be  a p p r o p r i a t e  t o  l i m i t  ou r se lves  h e r e  t o  c e r t a i n  cons ide ra t ions  /37 
with  a  bear ing  on t h e  r e l a t i o n s h i p s  between r e f l e c t i o n  nebulae and dark clouds 

a s  they  would appear on t h e  b a s i s  of t h e i r  p r o p e r t i e s .  Even i n  t h i s  formula- 

! t i o n ,  t h e  problem i s  apparent ly  q u i t e  complex. 



There is no reason t o  doubt t h e  e x i s t e n c e  of t h e  " c l a s s i c a l "  r e f l e c t i o n  

nebula ,  which was formed by a c c i d e n t a l  pene t r a t ion  of a  c l a s s  B3-A0 s t a r  i n t o  

a  dark  cloud. Probably no fewer than  h a l f  of t h e  o b j e c t s  i n  t h e  Catalogue a r e  

nebulae  of t h i s  type. We should add t h a t  t h e s e  nebulae e x h i b i t  no p e c u l i a r i -  

t i e s  as regards  emission s t r u c t u r e  o r  r e l a t i o n  t o  dark  clouds and groupings of 

o t h e r  o b j e c t s .  I n  any event ,  we have no a d d i t i o n a l  in format ion  t h a t  would c a s t  

doubt upon t h e  " c l a s s i c a l "  o r i g i n  of t h e  nebulae of t h i s  group. 
i . , 

There fol lows a  comparat ively sma l l  group (about  10)  of nebulae whose 

s i t u a t i o n  i n  dark clouds c o n t r a d i c t s  t h e  acc ident  hypothes is  t o  one degree o r  

another .  These a r e  f o r  t h e  most p a r t  nebulae  v i s i b l e  a t  t h e  ends of dark  

l a n e s ,  and then  i n  "capes" of l a r g e  clouds.  Unfor tuna te ly ,  it i s  d i f f i c u l t  a t  

t h i s  t ime t o  propose any reasonable  a l t e r n a t i v e  mechanism t h a t  would e x p l a i n  

t h i s  cu r ious  e f f e c t .  It may n o t  b e  p o s s i b l e  t o  f i n d  any s i n g l e  mechanism a t  

a l l ,  s i n c e  t h e  o b j e c t s  i n  such clouds have va r ious  p h y s i c a l  c h a r a c t e r i s t i c s .  

IJe encounter  normal c l a s s  B8-A0 stars, emission stars, and f i n a l l y ,  type  

RW Aur v a r i a b l e  stars among them. 

Each of t h e s e  cases  p r e s e n t s  s p e c i f i c  d i f f i c u l t i e s  of explana t ion .  We 

might,  f o r  example, advance a  pu re ly  geometr ica l  i n t e r p r e t a t i o n :  t h e  nebulae 

a r e  i n  f a c t  l o c a t e d  a t  t h e  bend of an L-shaped l ane ,  one "arm" of which i s  

i n  t h e  l i n e  of s i g h t .  However, t h i s  hypothes is  i s  s t i l l  d i f f i c u l t  t o  recon- 

c i l e  w i t h  t h e  observed s t r u c t u r e s .  For t h e  case  of Ced 201 (Catalogue No. 117) ,  

we might suspec t  some s o r t  of condensat ion process  ( f o r  example, t h e  "mysteriurn" 

on g r a p h i t e  n u c l e i )  t h a t  took p l a c e  wh i l e  t h e  s t a r  was i n  motion and was accom- 

panied by formation of absorb ing  matter i n  t h e  form of a  " t rack".  Evident ly ,  

t h i s  hypothes is  w i l l  come up a g a i n s t  numerous d i f f i c u l t i e s ,  foremost among 

which i s  t h e  f a c t  t h a t  i t  s t a n d s  i n  c o n t r a d i c t i o n  t o  t h e  s p e c t r a l  p r o p e r t i e s  

of t h e  s t a r .  

D i f f i c u l t i e s  a r e  a l s o  encountered i n  at;empts t o  u se  o t h e r  explana t ions ,  

f o r  example, t h e  e x i s t e n c e  of a  " g a l a c t i c  wind" t h a t  compacts t h e  f r o n t a l  p a r t s  

of t h e  clouds,  explana t ion  of t h e  l a n e s  a s  "elephant-trunk" r e s idues ,  by t h e  

Eocal-magnetic-field hypothes is ,  and s o  f o r t h .  Here problems a r i s e  i n  



connection wi th  t h e  need t o  exp la in  t h e  h i s t o r y  by which t h e  "lane" o r i g i n a t e d ,  

l i n k i n g  i t  t o  t h e  p r i o r  h i s t o r y  of t h e  s t a r .  Other d i f f i c u l t i e s ,  which a r e  t o  

some e x t e n t  r e l a t e d  t o  those  j u s t  descr ibed ,  c o n s i s t  i n  t h e  f a c t  t h a t  t h e  ob- 

j e c t s  belong i n  d i f f e r e n t  groupings.  Among them, we encounter  both o rd ina ry  

r e f l e c t i o n  nebulae and nebulae  wi th  luminescence and s t r u c t u r a l  p e c u l i a r i t i e s .  

How d id  t h e s e  groupings, wi th  t h e i r  p r e f e r e n t i a l  a s s o c i a t i o n s  wi th  dark  c louds ,  i 
5 

1 a r i s e ?  It i s  known t h a t  no t  even t h e  P l e i a d e s  a r e  an except ion  t o  t h i s  r u l e  
3 
d 
i [ 3 8 ] .  Is t h e  r e l a t i o n  of t h e  groupings wi th  t h e  dark  clouds wi th in  which they  

a r e  observed an acc iden t?  W e  know t h a t  some of them inc lude  nons t a t iona ry  ob- 
i 

# j e c t s  of  t h e  T T a u r i  t ype ,  as w e l l  a s  Herbig-Aroult o b j e c t s .  The g e n e t i c  l i n k  

1 of t h e  former wi th  t h e  dark  c louds  i n  which they  a r e  observed i s  now no longe r  

3 i n  doubt.  However, except  f o r  a few cases ,  we have no d a t a  a s  t o  whether a re- 
1 
i 

I f l e c t i o n  nebula ( o r  s i m i l a r  o b j e c t )  is  indeed some kind of phys i ca l  member of 
i 

t h e  grouping. 

The luminescence of t h e  nebulae  o f t e n  e x h i b i t s  p r o p e r t i e s  t h a t  a r e ,  on t h e  

whole, d i f f i c u l t  t o  r e c o n c i l e  w i th  t h e  p r o p e r t i e s  of t h e  t y p i c a l  r e f l e c t i o n  . 
nebula.  However, be fo re  going i n t o  t h e  s u b j e c t  of anomalies,  i t  w i l l  be  nec- 

e s s a r y  t o  c l a r i f y  what w e  mean by t h e  luminescence of a t y p i c a l  r e f l e c t i o n  

nebula.  It i s  u s u a l l y  assumed t h a t  i t s  spectrum i s  b a s i c a l l y  i d e n t i c a l  t o  t h a t  

of t h e  nuc leus .  But i t  i s  p r e c i s e l y  t h i s  proper ty  t h a t  has  t h e  weakest obser- 

v a t i o n a l  b a s i s .  Moreover, even i n  t h e  s p e c t r a  of " typ ica l "  nebulae,  we observe 

more o r  l e s s  pronounced d i f f e r e n c e s  from t h e  s p e c t r a  of t h e  n u c l e i  correspond- 

i n g  t o  them. (For example, i n  t h e  nebu los i ty  surrounding Merope; s e e  t h e  

a r t i c l e  by Yu. I. Glushkov i n  t h i s  i s s u e . )  It might be  supposed t h a t  a spec- 

trum t h a t  does not  resemble t h e  r e f l e c t e d  spectrum c l o s e l y  enough is  charac te r -  

i s t i c  f o r  nebulae a s s o c i a t e d  wi th  low-density clouds.  B a s i c a l l y ,  t h e s e  nebulae  

a r e  d i s t i ngu i shed  by very  low s u r f a c e  b r igh tnes s  and p re sen t  g r e a t  d i f f i c u l t y  

f o r  s p e c t r a l  obse rva t ions ,  c h i e f l y  becuase of t h e  i n t e r f e r e n c e  in t roduced  by 

t h e  skyglow. I n  denser  c louds ,  t h e  s u r f a c e  b r i g h t n e s s  of t h e  nebulae is ,  on 

t h e  average,  h ighe r ,  b u t  even h e r e  t h e  va r ious  dev ia t ions  from t h e  pu re ly  re -  

f l e c t i v e  mechanism of spectrum formation a r e  beginning t o  make t h e i r  

appearance. 



t Thus, a l l  forms of anomalies can b e  t r a c e d  among t h e  o b j e c t s  composing t h e  

4 Orion complex of s t a r s  and nebulae.  Here, t oge the r  wi th  t h e  comparatively few 
i 
1 

pure r e f l e c t i o n  nebulae,  t h e r e  i s  a more numerous group of o b j e c t s  wi th  t h e  

j C + E spectrum. The i r  i l l umina t ing  s t a r s  u sua l ly  belong t o  t h e  e a r l y  B spec- 
i 
1 t r a l  c l a s s e s ,  a l though c e r t a i n  o b j e c t s  a r e  a s soc i a t ed  wi th  p e c u l i a r  s t a r s  of 
i 

1 l a t e r  t ypes  and, l i k e  FU O r i ,  have t h e i r  own p e c u l i a r i t i e s  [41] .  
2 
1 

I 

1 A g e n e r a l  survey of c e r t a i n  normal C + E nebulae was made a t  one t ime a t  
i 
i 
i t h e  Crimean Observatory [42] ,  and t h e r e  i s  no need f o r  us  t o  go i n t o  t h e  v a r i -  
1 
1 ous d e t a i l s  of t h i s  ques t ion .  The b a s i c  r e s u l t  of t h e  work, i n  our  opinion,  

i can b e  s t a t e d  thus :  t he  observed r e l a t i o n s h i p  between t h e  C- and E- components 
1 

j i n  t h e  luminescence of t h e  nebulae  i s  determined, a p a r t  from t h e  s p e c t r a l  prop- 
1 

e r t i e s  of t h e  nuc leus ,  by t h e  vary ing  p ropor t ions  of gas and dus t  p re sen t  i n  
1 
! 
4 them. Th i s  conclusion is  q u i t e  convincing and c o n s i s t e n t  wi th  more d e t a i l e d  

obse rva t ions ,  a l though c e r t a i n  r ecen t  s t u d i e s  have advanced somewhat d i f f e r e n t  

reasoning  concerning t h e  gas ldus t  r e l a t i o n s h i p s  i n  t h e  ma t t e r  of d i f f u s e  nebu- i 
l a e  [43] .  To a l l  appearances,  t h e  i n t e r e s t  of. t h e s e  o b j e c t s  is  by no means ex- 

i 
t 
3 haus ted  by i n v e s t i g a t i o n  of t h e i r  luminescence p r o p e r t i e s  a lone .  It i s  no l e s s  

1 imporant t o  know whether t h e i r  luminescence depends on a random d i s t r i b u t i o n  of 
3 

4 d u s t  and gas  i n  t h e  space  surrounding t h e  nucleus.  We f e e l  t h a t  t h i s  problem 
4 
1 ha s  n o t  y e t  been thoroughly explored.  Observa t iona l  d a t a  a r e  s t i l l  inadquate ,  

and l i t t l e  i s  known of t h e  p h y s i c a l  cond i t i ons  i n  dense gas-and-dust c louds.  
f 

It should  be  noted  t h a t  pu re ly  random causes can b e  assumed f o r  t h e  form- 

a t i o n  of t h e  C + E spectrum i n  t h e  c a s e  o f  t h e  f a m i l i a r  nebula AE Aur, a s  w e l l  

as p o s s i b l e  d i f f e r e n c e s  i n  t h e  s p a t i a l  s t r u c t u r e  of t h e  gaseous and dus t  mater- 

I 3 9  i a l s  [44, 451. However, i f  we r e t u r n  t o  t h e  nebulae of t h e  Orion reg ion ,  a l l  - 
we can p o i n t  t o  h e r e  i s  a c e r t a i n  sequence i n  t h e  p r o p e r t i e s  of  t h e  C + E ob- 

j e c t s  t h a t  depends on t h e  s p e c t r a l  c l a s s  of  t h e  nucleus.  

( a )  The luminescent dus t  component of t h e  s t r u c t u r e  is  apparent ly  

(and, very  probably, s p a t i a l l y  a s  w e l l )  sharp ly  d i f f e r e n t  from t h e  cor res -  

ponding emission component. The d e n s i t y  of t h e  gas and dus t  i s  low. 

IC 432 i s  a t y p i c a l  example. An analog of t h i s  nebula i s  t h e  o b j e c t  



BI) -i- 8'933 (Catalogue No, 22) ,  whose gas and dusg components a r e  a l s o  of 

low d e n s i t y .  Such nebulae a r e  i l l umina ted  by B s t a r s  of t h e  l a t e r  

c l a s s e s .  

(b) The i n t e r n a l  p a r t s  of t h e  dus t  and gas components of t h e  s t r u c -  

t u r e  d i f f e r  only s l i g h t l y ;  d u s t  luminescence predominates i n  t h e  o u t e r  

p s r t s .  Nuclei  of t h e  e a r l i e r  BO-B1 s p e c t r a l  c l a s s e s  would appear t o  b e  

c h a r a c t e r i s t i c  f o r  t h i s  type ,  I n  t h i s  r e s p e c t ,  t h e  nebulae  NGC 2023 and 

NGC 2068 a r e  analogs of  I C  5146. 

( c )  The d u s t  and gas components of t h e  s t r u c t u r e  do n o t  d i f f e r  sub- 

s t a n t i a l l y  over  t h e  e n t i r e  a r e a ,  bu t  dus t  luminescence i s  neve r the l e s s  

noted  a t  somewhat g r e a t e r  d i s t a n c e s  from t h e  nucleus.  The nebula e x c i t e d .  

by < Orion i s  a  t y p i c a l  o b j e c t .  This  proper ty  i s  a l s o  d iscerned  i n  t h e  

s t r o n g l y  emissive nebula  M8 ( t h e  T r i f i d ) .  The Great Nebula i n  Orion can 

a l s o  be r e f e r r e d  t o  t h e  l a t t e r  case.  

I n  t h e s e  l a s t  two cases ,  t h e  d u s t  and gas d e n s i t i e s  a r e  s u b s t a n t i a l l y  

h igher  t han  they  were i n  t h e  f i r s t  . For most C + E nebulae,  t h e  r a d i a l  ve lo  c i -  

t i e s  of t h e  n u c l e i  and t h e i r  H I1 reg ions  remain unknown. Only f o r  t h e  T r i f i d  

and t h e  Great Nebula i n  Orion do we know t h a t  t h e  r a d i a l  v e l o c i t i e s  of t h e  

nebula  and n u c l e i  a r e  c l o s e l y  s i m i l a r  i n  a b s o l u t e  magnitude and of t h e  same 

sign. ,  It i s  d i f f i c u l t  t o  s a y  whether t h e  luminescence and s t r u c t u r a l  pecu l i a r -  

i t i e s  no ted  f o r  t h e s e  nebulae  r e f l e c t  d i f f e r e n t  s t a g e s  i n  t h e  evo lu t ion  of t h e i r  

n u c l e i .  It may be t h a t  t h e  homogeneity of t h e  dus t lgas  mixture  i s  determined 

b a s i c a l l y  by t h e  in te rna l -energy  s t o r e  of t h e  gas ,  s i n c e  t h i s  q u a n t i t y  char- 

a c t e r i z e s  t h e  a b i l i t y  of  t h e  gas t o  e n t r a i n  dus t  p a r t i c l e s  a s  i t  moves. I n  ou r  

view, t h e  ques t ions  a s  t o  how t h i s  energy depends on s t a r  s p e c t r a l  c l a s s  and 

what a r e  t h e  p r o p e r t i e s  of t h e  dus t  p a r t i c l e s  i n  such nebulae  have n o t  y e t  been 

reso lved  s a t i s f a c t o r i l y .  

A s  we noted a t  t he  beginning of t h i s  s e c t i b n ,  we have no b a s i s  f o r  l i n k i n g  

t h e  ques t ion  a s  t o  t h e  o r i g i n  of a l l  r e f l e c t i o n  nebulae d i r e c t l y  wi th  t h e  more 

gene ra l  problem of t h e  evo lu t ion  of t h e  stars and t h e  i n t e r s t e l l a r  medium. 



However, i t  appears  t o  u s  t h a t  i n  c e r t a i n  c a s e s  t h e  p o s s i b i l i t y  of such a con- i 

n e c t i o n  cannot be ignored,  r ega rd l e s s  of t h e  viewpoint r f r o m  which we undertake 

t o  d i s c u s s  t h e  p r o p e r t i e s  of t h e s e  o b j e c t s .  Thus, f o r  example, we might r ega rd  

them a s  s source  of c e r t a i n  a d d i t i o n a l  in format ion  on t h e  p h y s i c a l  p r o p e r t i e s  

of i n t e r s t e l l a r  dus t  p a r t i c l e s  over  and above t h a t  u sua l ly  obta ined  from observ- 

a t i o n s  of t h e  i n t e r s t e l l a r  a t t e n u a t i o n  of s t a r l i g h t .  It is  t h e  d a t a  obta ined  

from j u s t  t h e s e  obse rva t ions  t h a t  i n d i c a t e  marked v a r i a t i o n s  i n  t h e  p r o p e r t i e s  

of t h e  absorbing ma t t e r  a s s o c i a t e d  w i t h  v a r i o u s  groupings of h o t  s t a r s .  There 

a r e  many r e p o r t s  t o  t h e  e f f e c t  t h a t  s i m i l a r  phenomena a r e  observed i n  small 

condensat ions of t h e  i n t e r s t e l l a r  medium, which con ta ins  emission nebulae,  open 

c l u s t e r s ,  e t c .  [ 3 3 ] .  Some of them can b e  expla ined  by such l o c a l  f a c t o r s  a s  

gene ra l  and l o c a l  magnetic f i e l d s ,  t h e  s p i r a l  s t r u c t u r e ,  t h e  r a d i a t i o n  p re s su re  

of h o t  s t a r s ,  and t h e  l i k e .  It is  p o s s i b l e  t h a t  t h e  d i f f u s e  ma t t e r  i t s e l f  has  

surv ived  an e a r l i e r  evolu t ionary  s t a g e  i n  such reg ions  of t h e  Galaxy a s  t h e  

Orion r eg ion ,  w i th  i t s  s t r o n g  anomalies i n  t h e  behavior  of t h e  i n t e r p l a n e t a r y  

dus t  p a r t i c l e s .  We know t h a t  t h e  ages  of t h e  va r ious  s t a r  groupings i n  Orion 
4 6 

a r e  es t imated  a t  10 - 10 years ;  so  t h a t  many young s t a r s  s t i l l  r e t a i n  t h e i r  /40 
s p a t i a l  connect ions wi th  t h e  l o c a l  d i f f u s e  medium. Unfortunately,  we do n o t  

know t h e  ages  of t h e  s t a r s  r e l a t e d  t o  t h e  r e f l e c t i o n  nebulae and kindred form- 

a t i o n s  t h a t  a r e  t y p i c a l  f o r  t h i s  reg ion .  We might suggest  lo5 yea r s  a s  a  prob- 

a b l e  f i g u r e .  I f  t h e  Orion o b j e c t s  a r e  taken a s  a  kind of s tandard  f o r  nebulae  

i l l umina ted  by young s t a r s ,  then what can b e  s a i d  of t h e  o t h e r  nebulae  seen  i n  

dark  clouds and s i t u a t e d  i n  o t h e r  reg ions  of t h e  sky? 
I I 

i 

i 
I We have a l r eady  made r e fe rence  a t  v a r i o u s  p o i n t s  i n  our  survey t o  c e r t a i n  
4 
I i n t e r e s t i n g  p e c u l i a r i t i e s  of a  number of nebulae  t h a t  do not  belong t o  t h e  
j 

Orion g r ~ u p .  The fo l lowing  remark i s  a p p r o p r i a t e  here :  a l l  p r o p e r t i e s  of t h e  
i 1 

i Orion nebulae wi th  a  bea r ing  on Luminescence and s t r u c t u r e  a r e  t o  some e x t e n t  

c h a r a c t e r i s t i c  f o r  s c a t t e r e d  o b j e c t s  found i n  i n d i v i d u a l  dark,  dense c louds .  
8 

From them, we exclude such d e f i n i t e l y  -. p e c u l i a r  nebulae a s  t h e  cometar ies  o r  

i those  r e i a t e d  t o  T Taur i  s t a r s ,  s i n c e  i t  appears  h ighly  probable t h a t  they have 

a  common n a t u r e  anyway. We a r e  concerned w i t h  nebulae t h a t  a r e  i n s t e a d  a s s o c i -  

a t e d  w i t h  normal s t a r s ,  t o  t h e  e x t e n t  t h a t  t h i s  can b e  judged from a v a i l a b l e  

da t a .  I n  r e f e r r i n g  t o  s t r u c t u r a l  s i m i l a r i t y ,  we r e f e r ,  of course,  t o  



c h a r a c t e r i s t i c  d e t a i l s  p resented  by dense g lobules  embedded i n  t h e  luminescent 

m a t e r i a l  of t h e  nebula and by o t h e r  dark i n c l u s i o n s j  s e c t i o n i n g  of t h e  nebula 

by a  dense absorbing b r idge ,  e t c .  Curiously enough, t h e  s i m i l a r i t y  of s t r u c t u r e s  

i s  sometimes very  c l e a r l y  mani fes t .  Thus, f o r  example, a  smal l  nebula (Cata- 

logue No. 25) i s  h igh ly  s i m i l a r  i n  a  number of c r i t e r i a  t o  t h e  b r i g h t e s t  

nebula,  NGC 2068. I n  regard  t o  luminescence, t h e  o b j e c t s  under d i scuss ion  form 

a  sequence cha rac t e r i zed  by t h e  same emission and continuum p r o p e r t i e s  a s  are 

observed i n  t h e  nebulae  of t h e  Orion group. 

It can b e  c a l c u l a t e d  t h a t  f o r  an average dark-cloud s i z e  of 3 - 4 pa r secs  

and a  v e l o c i t y  of t h e  n u c l e i  with r e s p e c t  t o  t h e  clouds on t h e  o r d e r  of 
5 10 km/sec, t h e  t ime of res idence  of t h e  s t a r  i n  t h e  cloud i s  about 10 yea r s .  

A s  w e  have noted ,  i t  i s  p o s s i b l e  t h a t  t h i s  i n t e r v a l  i s  important  f o r  t h e  Orion- 

t y p e  nebulae.  We f e e l  t h a t  it would b e  premature t o  draw any s e r i o u s  conclus- 

i o n s  from t h i s  l i n e  of reasoning f o r  ex tens ion  t o  o t h e r  o b j e c t s ,  s i n c e  we know 

n e i t h e r  t h e  p r o p e r t i e s  of t h e  absorbing ma t t e r  i n  t h e  dense clouds nor  t h e  v i s -  

i b l e  c h a r a c t e r i s t i c s  of most of t h e  s t a r s  a s s o c i a t e d  wi th  them, e t c .  The 

ana log ie s  t o  which r ecour se  must be  taken,  beginning wi th  the  o b j e c t s  i n  t h e  

Orion clouds and ending wi th  o b j e c t s  i n  o t h e r  c louds,  p e r t a i n  f o r  t h e  most p a r t  

on ly  t o  t h e  "sur face"  of  t h e  observed phenomena. We have r epea t ed ly  s t r e s s e d  

t h e  inadquacy of such d a t a  as a means of c l a r i f y i n g  t h e  i n t e r a c t i o n  between t h e  

s t a r s  and the  dark  clouds.  However, many observed cases  of a s s o c i a t i o n  between 

star,q and nebulae a r e  d i f f i c u l t  t o  exp la in  simply i n  terms of "mechanical mix- 

ing" of t h e  s t e l l a r  and d i f f u s e  ma t t e r  of t h e  Galaxy. 

We suggest  t h a t  nebulae  t h a t  a r e  of i n t e r e s t  i n  t h i s  sense  be i s o l a t e d  

i n t o  a  s p e c i a l  group. A program must b e  drawn up f o r  f u r t h e r  s tudy  of t h e s e  

o b j e c t s ,  and should inc lude  t h e  fo l lowing  ques t ions :  

( a )  Acqu i s i t i on  of more d e t a i l e d  and complete d a t a  on t h e  s p e c t r a l  

p r o p e r t i e s  of  t h e  nebulae  and t h e i r  n u c i e i ,  s i n c e  t h e  a v a i l a b l e  de t e r -  

minat ions of s p e c t r a l  c l a s s e s ,  l u m i n o s i t i e s ,  and d i s t a n c e s  a r e  most 

inadequate  and o f t e n  con t r ad ic to ry .  There a r e  almost no s p e c t r a l  observ- & 
a t i o n s  s u i t a b l e  f o r  comparison of t h e  r a d i a l  v e l o c i t i e s  of t h e  n u c l e i  and 
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